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NAGARJUNASAGAR DAM UNDER CONSTRUCTION 





H—3 or H—5 Hydrocrane 





to fish you out of 
troubled waters! 47 


Nearly a hundred years of continuous 
specialized experience and technique 
are behind the special cranes such 
as the Crawler Cranes, Transit 
Cranes (Truck Mounted) and Hydro 
Cranes, of RUSTON-BUCYRUS & 
BUCYRUS-ERIE - whatever capacity 
require, from 3 tons to 80 tons. 

hese Cranes are easily convertible 
to machines for digging work. 


Sole Concessionaires : 


GREAVES COTTON & CO. LTD. 


Bombay + Calcutta - Ahmedabad - Bangalore - Coimbatore « Kanpur * Madras - New Delhi 
Ralli House, 16 Hare Street, Post Box 702, Calcutta 1. 


38=—B8 Crawler Crane 
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(BUCYRUS 
LERIE 





USTON- 
R Bucyrus 


CRANES 


of every type & size 
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POWER CABLES 


L. T. and MF. 


Available ex-stock 





SIEMENS-SCHUCKERTWERKE AG 
GERMANY 


SOLE REPRESENTATIVES: 


SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 


BOMBAY CALCUTTA 
G.P.O. Box No. 490 G.P.O. Box No. 715 


NEW DELHI MADRAS BANGALORE 
P.O, Box 543 36, Mount Road 9, St. Mark’s Road 


sSE-10 
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Here's how Polyethylene 


: ri NV 





PRODUCE PACKAGING 


ei ited, | 
CARBIDE 


Polyethylene 


Nationa! Carbon Company (India) Limited will soon manufacture 


Polyethylene at Trombay Island, Bombay. 


INDUSTRIAL PRODUCTS DIVISION 


NATIONAL CARBON COMPANY 


TTA + DELW 
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Weg eke : aaa 


a strong quartet 
L-40H 

L-47 
L-57 


L-67 








with 
emphasis 
on quality 


L-67, L-57, L-47, L-40H 

- excavators designed for 
tough digging. ee 
They may be equipped with 
easily exchangeable attachments 
for all kinds of digging and 


£ AALS 


L-47 
Speedy aliround light-weight 


loading and with special excavator of the most modern 
attachments for crane work, 
pile driving, etc. 


design (5/8 cv.yd.) 








L-67 1-57 


L-40H 
Universal air controlled excavator, specially well suited Allround excavator with 3/4 cv.yd. shovel - the me- Potented machine of holf-track - the greyhound 
for rock-loading In small tunnel ‘areas (11/4 ewyd.) chine for road building. is or ror x f 


among crawler excavators and cranes (9/16 cv.yd.) 


Sole Agents : 
ASSOCIATED CORPN. OF INDUSTRIES (INDIA) PVT. LTD. 


Cc ce Hi , Currimbhoy Road, 
P.O. Box 46A, 
BOMBAY. 


Telephone : 263661 Telegrams : ACOIND 
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Do you know that 


Firestone 
EARTHMOVER TYRES 


are now all made with 


Mylow. cords? 


* * Strongerx Tougher * Impact Resistant 


Vl re Le 
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Firestone soniiele announce that all sizes of the 
Firestone Earthmover tyre and the Firestone Rock 
Grip Excavator tyre are now being manufactured 
exclusively with Nylon cords. * 
*Nylon cords have greater tensile strength than any 
other type of fabric used for cords in tyres. Nylon 
cords are particularly effective in preventing diagonal 
and X- breaks caused by impacts. They are highly 
resistant to water and do not deteriorate when 
exposed to moisture through cuts or snags in the 
tyre body. Only nylon cords have such high resistance 
to fatigue from heat. 
Because of these characteristics, Nylon cords in 
your Firestone Earthmover and Firestone Rock 
Grip Excavator tyres will (1) Reduce danger of 
blowouts, (2) Reduce failures from heat, (3) Reduce 
bruise damage, (4) Reduce failures from cuts, and 
(5) Maintain strength for retreading. 


13.00-24 8 & 12 Ply Rating R B. 
18.00-24 16, 20 & 24 Ply Rating 
18.00-25 12, 16, 20 & 24 Ply Rating 
21.00-24 16, 20 & 24 Ply Rating 
21.00-25 16, 20 & 24 Ply Rating 


= Firestone 


ROCK GRIP 
EXCAVATOR 


also now 
with eylow, Cords 


12.00-24 16 Ply Rating 
13.00-24 18 Ply Rating 
14.00-24 20 Ply Rating 


Firestone 


Pioneers of the Earthmover Tyre in India 


FRNA RRA SSRI RN MRR HHH HH 
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hFOR WATER POWER PLANTS 


Czechoslovak industry plays a pioneer part 
in designing and construction of Kaplan 
turbines. Czechoslovak primacy in this field, 
has been confirmed on the Sth World 
_ Conference on Energy held in Vienna, in 
1956. A unique ten-blade Kaplan turbine 
for 715m head and 129,000HP unit output 
for the Orlik Hydraulic Power Project in 
Czechoslovakia has been displayed on the 
World Exposition 1958 in Brussels, where it 
was awarded Grand Prix. 
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TECHNOEXPORT PRAHA II, CZECHOSLOVAKIA 
Sole Representative in India: SKODA (INDIA) PRIVATE LTD. 


Head Office: Vulcan Insurance Building, Vir Nariman Road, Bombay-! 


BRANCHES : 
“Vohra House’’ (Ist floor), 1/25, Asaf Ali Rd., New Delhi. P-38, Mission Row Extn. Cal.-13. Agurchand Mansion, 35, Mount Rd., Madras-2 
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A great new India is growing 
at Durgapur thanks to this 
indo British partnership 


A number of Britain’s most famous engineering 
companies and nearly thirty thousand 
Indian men and women are working 

at Durgapur (120 miles from Calcutta) 

to build a vast steelworks. 

When it is fully completed in 1961, it 

will produce a million tons of pig iron 
and steel which will feed India’s new 
industries. Directly and indirectly, it will 
create employment for thousands of people. 
It will make life better for everyone. 


ISCON 


INDIAN STEELWORKS CONSTRUCTION CO. LTD. sce 


Davy and United Engineering Company Limited. Head Wrightson & Company Ltd. Simon-Carves Ltd. The Wellman Smith 

Owen Eng. Corp. Ltd. British Thomson-Houston Co. Ltd. The English Electric Co. Ltd. The General Electric Co. Limited. 

Metropolitan-Vickers Electrical Export Co. Ltd. Sir William Arrol & Company Ltd. Cleveland soto oy Engineering Co. Ltd. 

Dorman Long (Bridge & Engineering) Ltd. Joseph Parks & Son Ltd. The Cementation Company Ltd. Iscon Cable Group 
(Siemens Edison Swan Ltd. and Pirelli General Cable Works Ltd.) 


BRITISH COMPANIES WORKING FOR INDIA PSIC 2 


























At last Concrete Shuttering ; 
which is economical will 
outlast ordinary wood 
and is waterproof. 


THE IDEAL CONCRETE SHUTTERING MATERIAL 
MANUFACTURED IN INDIA ONLY BY 





PLYWOOD PRODUCTS SITAPUR, U.P. 


STIEL LEADING 


PP/26A 
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Complete Plants and Equipment 
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MOTWANE PRIVATE LIMITED 


Incorporating : 


EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED 
and 
CHIGAGO TELEPHONE & RADIO COMPANY PRIVATE LIMITED 
1909 FIFTY YEARS SERVICE 1959 
Electrical, Mechanical & Electronic Engineers and Contractors 
127 Mahatma Gandhi Road, Post Box No. 1312, Bombay-!. Phone: 252337 (3 lines) Grams: ‘CHIPHONE’ all offices 
Branches at: Calcutta, Lucknow, New Delhi, Madras, Bangalore and Secunderabad 





SISTA'S-EE-74 
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National Projects promise New India of pro- 
sperity. Throbbing with energy, famous 
KIRLOSKAR DIESEL ENGINES power these 
*projects, speeding construction of dam and 
powerhouse, road and bridge......With scores 
of applications in agriculture and industry, 
easy to maintain, reliable in service, economical 
to operate, Kirloskar Engines are the power 
units for resurgent India. 





10 B.H, P. 





AGRICULTURAL 
INDUSTRIAL and MARINE 


DIESEL ENGINES 








4OEL/E -12/88 eel TOM & BAY 
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Why it really costs less 
to get the best 


NO need to stock great quantities of replacement bearings. 
Timken tapered roller bearings are made to maintain that 
precision for the life of your machine. And they do it with a 
minimum of maintenance to keep your costs down. 

















EXTRA load-carrying capacity 
is another advantage of Timken bear- 
ings. Full-line contact between Tim- 
ken bearing rollers and races is the 
reason. They’re tapered to take the 
loads from all directions, eliminate 
thrust devices. They cut lubricant 
costs, too, by making closures more 
effective. 


MORE engincering service is yours for the asking when 
you buy Timken bearings. Our engineers will be happy to 
work with you in designing new bearing applications, help 
you get the most for your bearing expenditure. 





THE LONG RUN You pay less 
for Timken tapered roller bearings because 
you get a precision product that will last. 
Buy Timken and be sure of trouble-free 











operation. The Timken Roller Bearing 
Company, Canton, Ohio, U. S. A. Cable: 
“ TIMROSCO” 
REGISTERED TRADE. MARK THE WORLD'S cones AND 
tapered roller bearings TarenED ROLLER seAnINes 





Authorized industrial and railway distributor 
Voltas Limited Bombay * Calcutta * Madras * New Delhi . Bangalore * Cochin. 
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WHERE NATURE 
DOES NOT HELP 





Use CICO for complete water- 
proofing of reservoirs, safe 
deposit vaults, Dams, Buildings, 
Roads, Bridges etc. and save 
them from corrosive fungoid growth, 
efflorescence and injurious chemical 

actions. @ CICO is a wonderful 
-V\\N preparation for cement rendering and 
* concreting under water and against pressure 






OVERWEAD 
RESERVOIR 





THE STRUCTURAL WATERPROOFING CO. PRIVATE LTD. 
Phone—47-2684 


21-1, Dover Road, Calcutta-19 Grams—“Aquaproof” 








UNDER CROUND 
RESERVOIR 





THE BEST CEMENT 


SAFE 
DEPOSIT VAULT 


ses 


vs 
ss 


os 


WATERPROOFING COMPOUND 


~ocspastepiecise 











PP3/Bwe -103/5>-€ 
Selling 


GILLANDERS ARBUTHNOT & CO., LTD. 


ECLIPSE ENGINEERING COMPANY 
BIRD & COMPANY (PRIVATE) LTD. 
MARTIN BURN LTD. 


Agents : 


For Madras, Delhi, U.P., Bhopal, Rajasthan, Jammu and 
Kashmir. 

For Bombay. 

For Punjab, Pepsu and Himachal Pradesh. 

For Bihar, Orissa and Assam. 


For M.P. (except Bhopal). 


1 | 


R. M. & COMPANY 








Fabrication and 
Erection of complete 


Pipework 


installations 








for Steam 
Gas 
Compressed Air 
Fuel Oil ete, 
General view of pipework outside the turbine room at Trombay henna! Sane station % 
STEWARTS AND LLOYDS OF INDIA PRIVATE LIMITED ® 
HEAD OFFICE : 41, CHOWRINGHEE ROAD, P.O. BOX 270, CALCUTTA 3 
TELEPHONE : 44-5224 (7 lines) & 44-1461 


{ 


WORKS : 39, HIDE ROAD, KIDDERPORE, CALCUTTA 


TELEPHONE : 45-3515 (3 lines) 
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aresT DESIGN ©=MICROHUILE 


PROVED PERFORMANCE LOW OIL CONTENT CIRCUIT BREAKERS 
33 kV. 750 MVA. 


Sales & Service: a A - ay 


INDUSTRIAL & AGRICULTURAL ENGINEERING CO. (BOMBAY) PVT. LTD. 


43, Forbes Street, Bombay |. 


Branch: ‘K’ Block, Chawdhary Building, Connaught Circus, New Delhi. 
ASSOCIATED OFFICES: CALCUTTA + BANGALORE + MADRAS « HYDERABAD 


Made in France 














INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—AUGUST 195% 








Wxkkk’ 
Va 


DDD Dic Da Dic DD DD Dc Bc Dc Dk Dk Dx Dk Ix 


At your disposal 


ACC: 


years of experience 
in the manufacture of 


HEAVY MACHINERY 


Ma. 
x 
Pa 
Ma. 
Da. 
Ma 
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Write to us for your e M.S.Fabrications such as 
requirements of: Shells, Tanks, Hoppers, Chutes, 
Dust Cyclones etc., for Chemical 
@ Cement Machinery and Allied Industries 
@ Stone Crushers e Structural Fabrications 


e Ball & Tube Mills 


e@ Rotary Kilns, Dryers, 
Coolers etc. 
e Conveying Equipment 


ap achievement of Free Enterprise 


THE ASSOCIATED CEMENT COMPANIES LTD. 


MACHINERY MANUFACTURING DIVISION 
























121, Queen’s Road, Bombay 1 
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“men of faith 


“From early morning till late at night the Tata offices in 
Bombay were besieged by an eager crowd of investors. Old 
and young, rich and poor, men and women, they came 
offering their mites; and, at the end of three weeks, the 
entire capital required for the construction requirements, 
£ 1,630,000 (over Rs. 2 crores), was secured. every penny 
contributed by some 8,000 Indians.” 

— Axel Sahlin 


India's first venture into heavy industry, 
The Tata Iron & Steel Company, was thus 
launched on 26th August, 1907, with over- 
whelming support from investors and the 
public. Its growth into the country’s largest 
single private enterprise and the principal 
steel producer was not without struggles 
and heartaches. In the 1920's when the 
very existence of the Company was 
at stake, there were many stout- 
hearted investors whose faith 
~ never faltered, and who LY 
cheerfully accepted the risks 
of a pioneering enterprise. 





TATA STEEL 


79-year old 

Mr. Rash Behari Law 

of 13-B Cornwallis 
Street, Calcutta-6, 

one of the first share- 
holders, who still holds \ 
stock in the Company. ' 


TN 3726 (‘The Tata Iron and Steel Company Limited 
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POWER—MANOEUVRABILITY 


In India today, with its growing industrial might, 

Coles Cranes are on the job night and day helping build 
factories, steel plants—working on multi-purpose projects. 
In the busy ports of India, Coles Cranes are extensively 
used because of their high degree of reliability, accuracy 
and manoeuvrability. 


OLES THE NAME THAT CARRIES WEIGHT 


TRACTORS (INDIA) LIMITED 


1, Taratolla Road, Garden Reach, Calcutta 
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A GOOD 
| NAME FOR 
ae STARTERS 







type ASD 


air-break 
star-delta 
starters 









MADE IN INDIA 












The reputation of A.E.I. is based 
on sound engineering design and good 
workmanship. The standard is 
maintained in the type ASD series 

of starters which conform to 
British and Indian Standard 


Specifications. They are suitable for ASSOCIATED ELECTRICAL 





squirrel cage motors up to INDUSTRIES (INDIA) PRIVATE LTD. 
25 H.P. 650 volts. Write for full Head Office: Crown House, 6, Mission Row, Calcutta 


technical details. la 


BOMBAY NEW DELHI MADRAS 
BANGALORE COIMBATORE NAGPUR 





A, E. 1.'S Light Products MAZDA LAMPS AlC-197 
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Power Development 


and its significance to Industry in India 





Although India is mainly an agricultural country, 
the economic situation has so changed during the last 
two decades, that a steady development of various 
essential industries has been taking place. The vast 
resources of mineral deposits, timber, cotton, jute, 
oil seeds, coal and potential water power offer very 
attractive prospects for such developments. The 
present average consumption of electrical energy per 
capita is low i. e. about 11 kWh and this will have to 
be extended to at least 100 kWh in the next 10 or 
20 years. 


The energy requirements will be met mainly from 
hydro power sources, in most places, and from thermal 
plants in coal producing areas in Central and North 
East India and Lignite deposits near Madras. The 
hydro power potential is about 30-40 million kW, 
but the present installed capacity is about 0.5 million 
kW and the thermal capacity about 0.9 million kW. 
The hydro power generated is about 2200 million kWh 
and thermal power is about 1800 million kW. The 
growth of power has been steady since the first world 
war but has been accelerated after the second world 
war due to heavy industrial demands and the efforts 
of the country to manufacture most of the ordinary 
requirements. Thermal power capacity increased 
from 54 MW in 1920 to about 105 MW in 1948 and the 
corresponding hydro capacity from 80 MW to about 
600 MW. 


The water power resources are due to the large rivers 
fed by monsoon rains in most parts of the country 
and from rains and snow in the Himalayan regions. 
In order to make up for the variations and uncertainties 
of rainfall, large reservoirs have to be built. This 
pattern of development is generally adopted. There 
are some canal falls developments in the Ganges area. 
As the loads develop, thermal power plants have to 
be co-ordinated with the hydro plant to increase their 
firm power capacity. The total installed capacity of 
about 1.7 million kW has reached 4.7 million between 
1948 and 1958. 


The history of development of hydro power starts 
from 1900 when a plant of 4000 kW was started in 
Mysore on the Cauvery river by the Government of 
Mysore State. By 1914, another project of 50000 kW 
was started by the Tata Co. near Bombay for power 
supply to the textile industry and for the city of 
Bombay. In large cities like Calcutta and Madras, 
thermal plants were installed to serve the urban areas. 
By 1927 the power capacity was increased to about 
250 MW and during this period the Mysore plant was 
also increased to 60 MW to serve the mining and other 
industries. Madras state had by 1932 installed 68.75 
MW, the Punjab 48 MW, Uttar Pradesh 17.4 MW 
Travancore-Cochin 13.5MW. Long high . tension 
transmission lines were installed to serve the various 
load centres in the States. 110 kV was the standard 


D:. B. K. R. PRASAD 


adopted except in the Punjab where 132 kV was 
necessary for long distances. 


Just before the second world war, the total hydro 
power capacity was 0.5 million kW and steam capa- 
city 0.65 million kW and diesel power capacity 0.1 
million kW. During the war, two more hydro plants, 
one in Mysore 48 MW and another in Madras 21 MW, 
were installed. As power demands increased, the 
question of thermal power was critically examined 
with special reference to the conservation of coking 
coal. By 1947, the Central and the State governments 
evinced very great interest in power development and 
started large projects like the Bhakra-Nangal of 550 
MW, the Damodar Valley scheme of 144 MW hydro 
and 200MW thermal, Hirakud 230 MW. Smaller 
schemes were also extended, such the Jog project in 
Mysore to 120 MW the Tata Hydro scheme by 22 MW 
and the Madras project by 36 MW, Uttar Pradesh 
project by 62 MW, Orissa and Andhra by 51 MW, 
Travancore-Cochin by 52 MW. 


By 1951, the State of Bombay started the Koyna 
project of 240 MW, the Uttar Pradesh started the 
Rihand project of 200 MW, and Rajasthan State 
initiated the Chambal project of 69 MW. During 
this period some of the industrial organisations 
also installed a total of about 600 MW. 


In addition to the development of industries in 
the public and the private sectors, the government 
have now considered the distribution of power for 
the cottage industries, rural centres, lift irrigation and 
the many agricultural processes. Electrochemical 
and electrothermal industries have also been taken 
into consideration. The result has been a tremedous 
impetus for power schemes. These are distributed 
throughout the country. On the West coast and in 
South India, high head plants are feasible, whereas low 
and medium head plants are suited for the other areas. 
All the schemes involve large dams & reservoirs, and 
some serve as multi-purpose schemes. It is es:imated 
that the west coast region would yield about 3.7 
million kW at 60% L. F. Central and South India 
about 6.8 million kW at 60% 1. F. with allowance 
for irrigation, Himalayan rive’s about 1.5 million kW 
at 100% L. F. and the Eastern rivers about 3.9 
million kW at 60% L. F. The total would be about 
16 million kW. Taking into account the long range 
developments. the ultimate capacity would be about 
35 million kW. 


Although good coking coal resources are about 2000 
million tons, it is considered desirable to conserve this 
for metallurgical purposes and use the low grade coal 
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and lignite, whose deposits are about 4000 & 2000 
million tons respectively. Oil resources are not yet 
large enough for power generation. The thermal 
plants will have to be located at the pit heads as the 
low grade ores contain 35% ash and lignite contains 
60%, moisture, and their transportation would be 
expensive. Hence, transmisson lines will have to be 
associated with the thermal plants. It is considered 
however that thermal power plants should be deve- 
loped as a complement to the hydro power plants 
wherever applicable. The cost of generation of hydro 
energy may average about 0.35 pence (British) per 
kWh and 0.5 pence per kWh. In some exceptional 
cases, like the high head plants and the large multi- 
purpose schemes, slightly lower rates may be appli- 
cable. Some schemes like the Damodar Valley and the 
Bombay and Madras system will work as multipurpose 
projects on lines similar to the T. V. A. In the case of 
the lignite scheme, some by-product chemicals may 
also be produced. 


The Planning Commission co-ordinates the various 
projects and also plans the different industries which 
consume the electrical energy. For example, the alu- 
minium has been located, near the hydro schemes in 
Travancore and Hirakud. The Fertiliser industries 
near the pit-head thermal power plants and the large 
Bhakra scheme. The steel industries derive their 
power from the thermal and hydro schemes which ave 
in the vicinity. The textile industries of Bombay and 
Madras and the jute industry of Calcutta are aypro- 
priately served by the combined hydro and thermal 
projects. Electrification of the main railway lines is 
being extended in Bombay, Madras, Bengal end 
Bihar. This serves to conserve the coal resources for 
metallurgical purposes and at the same time modernise 
the railway system. 


On account of the location of the power projects in 
different sections of the country and the large blocks 
of power used by the industries, long high tension 
transmission lines have to be installed and intercon- 
nected. Although the individual systems are running 
at 110kV,132kV or 220kV, as shown in the Table 1 
the super grid somewhat on the lines of the British and 
European systems would be ultimately required, prob- 
ably a voltage up to 360 kV may be adopted. A 
survey is a lreadystarted. Madras, Kerala, Mysore and 
Bombay could be the first big interconnected system. 
The West Bengal Damodar valley, Orissa and Andhra 
could form the next group of interconnection. The 
Punjab, U. P. and Rajasthan would form a similar 
group. The projects of the various systems and the 
industrial demands are also in the respective tabular 
statements. The solid grounded system would be 
considered most satisfactory. With suitable controls 
for reactive power by synchronous condensers and 
static capacitors, the stability of the system and the 
economy of long lines would be properly worked out. 
The sending and receiving voltages will be kept at 
the maximum desired values. 


There are many places served by Diesel and small 
power stations, which on recieving power from regional 
power systems, will have to close their Diesel and steam 


units. However, those beyond the economic reach of 
regional power systems wiil still have to depend upon 
Diesel plants. 


Some industries have built power plants of their own 
—especially textile, paper and sugar industries, which 
require process steam. In places where public utility 
plants are not available, the industries have installed 
their own plants. Similarly, the Railways have their 
own plants. The total capacity of such industries is 
63 MW, and of the railways is 45 MW. As46% of the 
power potential is near the coal fields of Bengal and 
Bihar, the industries will also continue to concentrate 
in these areas even though public utilities may disperse 
the industries in other parts of the countries. De- 
centralisation is one of the chief benefits of electrifica- 
tion. It is also natural that wherever motive power is 
avaiable, industries 2nd agricultural developments will 
spring up in such areas, such as in the provinces of 
Madras, Mysoreand Kerala. Development of the textile 
industries in Coimbatore, Bangalore, Bombay and 
Ahmedabad are good examples. The availability of 
moderately cheap hydro power has resulted in irriga- 
tion pumping small scale industries in Mysore, Madras, 
U. P.; aluminium, fertilisers, rayon in Kerala. In 1955, 
the industries purchased about 4600 million kWh from 
public service utilities, 66°, which was by large and 
medium-sized industries. This is expected to increase 
to 11890 million kWh by 1960, of which 72° would be 
consumed by industries. 


It is very essential to extend electricity to rural 
areas and small towns in o-der to further decentralise 
industries and to utilise underground water resources. 
About 95% of the towns with a population of 20000 
have been electrified. By 1960, the towns with a 
population of 5000 to 20000 will be electrified and will 
form the points for further development of rural 
electrification. In South India and in some parts lof 
northern India, rural electrification and tubewell 
irrigation has steadily progressed. Collieries are also 
being steadily supplied with power from the nearby 
thermal and hydro power stations, the consumption 
being about 7.8 kWh/ton of coal. Electrification of the 
railways is an important part of the p-ogramme. 
Although, out of 34000 miles of raiiways, only 250 
miles have been electrified, it is proposed to extend 
800 miles of electrification in the next 5 years and 
similar lengths every 5 yea’s. As the overall efficiency of 
the electric traction is 3 times that of steam, and as it is 
also possible to use low-grade coal in large power plants 
for supplying electricity to the railways, it will mean 
the gradual transfer of coal requirements of the rail- 
ways from high grade to low grade coal. Hydro power 
will also be useful in this process, and will fit into the 
general pattern of national development in respect 
of hydro cum thermal power by means of well laid out 
grid systems. The load factor will be improved and 
capital outlay minimised by the interconnection and 
the formation of large grids. The cost of energy will 
also be reduced, thereby increasing the power con- 
sumption per capita. The consumption has risen from 
kWh and will gradually increase to 50 in the next 
5 years. 


Power development will steadily increase to 15 
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million kW in about 5 years, most of the development 
being done by the State. The energy production will 
also increase to about 22 billion kWh. The trend of 
developments will fully utilise hydro power and ther- 
mal power by conventional fuels during the next 
twenty or thirty years. Atomic power will find a 
place in due course, especially as necessary thorium 
deposits are available and are being processed. 


Electric Power Supply by Class of Population 


Energy Sales by Class of Utilisation 


Million kWh 


Domestic & Residential and 


small Power 759.16 
Commercial Lights & Small 
Power 446.16 
Industrial Power 4075.98 
Traction 378.41 
Public Lighting 93.94 
Irrigation 231.37 
Water Works 267.47 
Total 6252.50 


Load in a Typical Village 
Percent of total connected load in village 


Irrigation Pumping 52 
Rural Industries 25 
Domestic Load 21 
Street Lighting 1 
Miscellaneous 1 


Installed Power Capacities in India 


1954 Installed Capacity MW 


Population No. of No. Electri No. likely 
Towns fied 1956 to be elec- 
trified 1961 
Over 100,000 73 73 73 
100—50 Thousand lll lll 111 
50—20 Thousand 401 366 400 
20—10 Thousand ” 856 450 816 
10,000—5000 3101 1000 2600 
Less than 5000 556565 4500 10000 
State Publ. Serv Industr 
Assam 3.5 
Bihar 204.1 291.5 
Bombay 511.6 59.4 
Madhya 
Pradesh 73.4 20.4 
Madras ) 251.8 12.9 
Andhra 
Orissa 10.3 7.6 
Punjab 73.2 6.0 
Uttar 
Pradesh 211.9 14.9 
W. Bengal 547.5 140.1 
Hyderabad 26.8 38.0 
Jammu & Kashmir 
Mysore 179.3 5.2 
Rajasthan 36.6 17.1 
Karala 42.2 0.8 
Others 75.0 18.3 


Railway Total Additl by 
1965 
2.1 5.6 21.5 
10.6 506.2 205.0 
5.5 576.5 425.0 
0.1 93.9 193.0 
1.4 266.1 287.0 
140.0 J 
0.03 17.9 247.0 
0.6 79.8 546.0 
9.2 236.0 302.0 
13.1 700.7 241.5 
64.8 75.0 
| 11.0 
184.5 47.6 
0.2 53.8 72.8 
43.0 161.0 
2.2 95.5 40.0 


percent 


_ 
bo 
— 


Pome Ra 
wS-IoC = b= 


| 


S 


Overall 


Total 
27.1 


711.2 
1001.5 


286.9 


693.1 


264.9 


625.8 


538.0 
942.2 
139.8 


232.1 
126.6 
204.0 
135.5 








Aluminium 
Yement 
Chemicals 
Collieries 
Copper 
Cotton Textiles 
Fertilisers 
Gold 

Iron & Steel 
Jute 

Paper 
Sugar 
Others 


cae 


- Bombay: 


2. Madras: 


3. Mysore: 


4. Punjab: 


oO 


. Kerala: 


6. Uttar Pradesh: 


7. Orissa: 


8. Andhra 


Power used by Industries 


Installed Max. Demand 
Capace. MW MW Generated 
16.8 10.3 
83.8 59.3 
18.2 72.3 
62.2 30.3 
9.9 4.8 
91.95 71.3 
80.0 48.5 
3.9 1.5 
176.5 79.5 
40.75 19.0 
48.6 32.75 
27.2 16.9 
3.9 2.3 


Energy 

Purchased Gener. 
8.2 58.46 
18.95 32.21 
5.53 50.58 
48.2 154.10 
0.72 28.38 
2.47 277.45 
7.2 301.54 
18.5 0.37 
31.6 487.88 
109.4 55.12 
9.5 191.54 
1.9 47.73 
108.0 4.0 


Main Transmission Systems in India 


Tata Hydro 
North & South Gujerat 


Koyna 


Pykara 


Mettur-Madras 
Others 


Old System 


Jog-Bhadravati- Bangalore 


Jogendranagar-Lahore- 
Jullundher - 


Bhakra-Delhi 
E. Punjab Grid 


Main Lines 


Ganga Canal 
Kanpur-Sarda 


Hirakud 
Machkund-Vishakhapatnam 


110kV 50 cycles 
66/110kV 50 cycles 
220kV 50 cycles 
110kV 50 cycles 
110kV 50 cycles 


110/220kV ,,_,, 
Cy is & 


78kV 25 cycles 
66kV 50, 
110kV 50 cycle 


132kV 50 cycles 
132/220kV ,, ,; 
132kV 50 cycles 
66kV 50 
66kV 50 cycles 


66kV 50 cycles 
110kV se", 


> 


132 50 cycles 
132kV 50 cycles 
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x10°kWh Energy used 


Purchsd = X10° kWh 
48.21 106.64 
90.98 408.18 
26.67 77.09 

181.40 307.38 
0.9 29.30 
1146.9 1412.26 
38.98 269.67 
104.54 104.91 
120.78 560.46 
271.05 326.09 
520.5 240.03 
5.82 52.44 
43.71 47.66 

185 miles 

300 miles 


300 route miles 
200 ,, ¥ 
98 miles 

192 miles 

1035 miles 


176 miles 
643 miles 
380 miles 


200 miles 


220 miles 


420 ,, 
60 ”? 


280 miles 


560 miles 
300 2? 


200 miles 
150 miles 
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testing sets 
for 
singlephase meters 


Designed to test house service meters in moderate or 
ne large numbers, the set has sufficient output for 100 
x . meters to be calibrated simultaneously at their 
‘ maximum load. Voltage, current and power factor 
can be adjusted quickly and accurately, while a single 
range rotating sub-standard is all that is required for 

metering widely differing load currents. 
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Capital Intensity in 
Heavy Engineering Construction 








This paper was prepared by the United Nations 
Bureau of Economic Affairs and presented to the Third 
Regional Technical Conference of Water Resources 
Development sponsored by the ECAFE and held in 
Manila during December, 1957. This is being published 
here by special courtesy of the U.N. Bureau of Eco- 
nomic Affairs. It first appeared in the “Industri- 
alisation and Productivity” No. 1 but as it deserves 
wider notice we are publishing it for the benefit of our 
readers— Editor. 


Heavy engineering cons‘ruct:on is a major com- 
ponent of most investment projects relating to basic 
conomic and social overhead (developnent of power, 
irrigation, transportation, hospitals and similar general 
requisites) in the development programmes of un- 
der-developed countries. Expenditures on construc- 
tion account for an important share of total expendi- 
ture on fixed capital both in economically advanced 
countries and in countries in the process of develop- 
ment. The data in table I indicate for selected coun- 
tries, some under-developed, others industrialized, 
the share of total construction activity (including 
residential and other building construction) in gross 
fixed capital formation and total factor payments. 
Because of lack of data, it was impossible to isolate for 
all fifteen countries the part of total construction 
represented by heavy engineering works; as a close 
approximation to the latter, column 4 of the table 
gives the share of total non-residential construction 
in fixed capital formation. 


In planning construction projects, planners and engi- 
neers are faced with a choice of techniques involving 
different combinations of capital and labour input; 
depending upon the techniques used, there may be 
wide variations in the labour force employed.' The 
objective of this article is to analyse some of the 
factors which enter into the choice of techniques of 
construction, taking into account the particular condi- 
tions of under-developed countries. The scope of the 
study has been confined to a group of operations com- 
mon to all types of engineering construction, namely 
earth-moving, which includes excavation, hauling, 
filling and compacting. Almost every major engi- 
neering project involves one or more of these opera- 
tions, and expenditures on earthwork represent a 
substantial share of the total construction cost. 


Table 2, based on United States data, shows the 
share of earthwork in construction costs for various 
types of engineering projects. It will be noted in this 
connexion that, in the United States, construction of 
roads and canals is likely to include a relatively high 
percentage of concrete work, and that, in the case of 
roads, surfacing materials are widely used; thus, for 
these types of projects, figures based upon United 
States practice would tend to understate the share of 


Bureau OF Economic 


Unitep Nations 
. AFFAIRS 


earthwork in total construction cost as compared 
with other countries, particula™ly in underdeveloped 
areas. 


The exclusion from this study of other construction 
operations (such as tunnelling and concrete work), in 
which there is likewise a choice among techniques of 
varying capital intensity, does not imply that their 
importance is not fully recognized. The concentration 
on earthwork is due to the fact that this work lends 
itself more readily to analytical treatment; not only 
is the technology involved relatively simple but it 
also results in a relatively homogeneous ‘“‘product”’ 
(cubic feet of earth moved, for example) which is 
measurable and comparable as between different types 
of projects. This simplifies the analysis and makes 
possible certain generalizations. 


It might be mentioned at this point that in some 
industrial operations alternative techniques (one 
resulting in a lower capital investment per unit 
of product for instance) may involve the design 
of the “product” itself. In engineering construction, 
for example, rubble masonry might be substituted for 
concrete in the construction of dams, as the former 
implies a larger proportion of manual labour for the 
preparation and placement of the cut rock while use 
of concrete requires considerable equipment. One 
might note that this particular problem is now 
being discussed in India in connexion with the cur- 
rent controversy in that country concerning labour- 
intensive versus capitalintensive methods in engineer- 
ing construction. For the purposes of the present 
study, which concerns earthwork. the “product” 
aspect will be left aside. 


Factors involved in the Choice of Techniques 
Earthwork is here defined as an operation involving 
the removal of material from exposed surfaces and 
depositing it elsewhere. This would cover operations 
of moving common earth, clay mixtures and simple 








1 Thus, the authorities responsible for planning a large hydro- 
power development in Ghana considered two alternative tech- 
niques of construction, one involving a work force of 15,0)0 
men and extensive use of modern construction machinery; the 
other of a more labour-intensive type, using a work force of between 
20,000 to 25,000 men. See Preparatory Commission for the Volta 
River Project, Volta River Project (London, 1956) vol. II: Appen- 
dices to the Report, pages 280 and 281. The final recommendations 
of the Commission and some of the reasons for their final choice 
are discussed later in this article. 


2 See the article ‘‘Mass Concrete vs. Rubble Masonry for South 


India’s High Dam’’, in World Construction (Chicago), January 
1957. 
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Table 1. Importance of Construction Expenditure in National Expenditure, Selected Countries, 1953 











(Percentage) 
NON-RESIDENTIAL 
CONSTRECTION 
Share of gross Share of Share of 
: fixed capital construction in As percentage construction 
COUNTRY formation in gross fixed As percentage of gross fixed industry in 
gross national capital of total capital total factor 
product formation _—_ construction formation payments* 
Industrial countries : 
Germany, Federal Republic of 20.6 47.4 es we 6.6 
NS ee ere 20.7 46.5 62.4 29.0 5.4 
NOFWAY® 2. ccccciccscvece 29.2 50.0 54.8 27.4 8.5 
United Kingdom.......... 13.4 51.7 48.2 24.9 5.8 
United States® ......6..000- 16.1 58.6 61.4 36.0 4.6 
Other countries : 
Argentina® .......e-seeees 15.5 68.8 oe ve 5.0 
er eee or eee 14.2 57.5 os oe os 
PNR svc slne als ouson'4e 14.1 76.5 a is 2.8 
MENS2 Dh cwrania unas s <cerbcae 9.3 60.4 46.4 28.0 3.2 
NE Aas echoes sacse sce 11.1 46.3 74.6 34.5 2.9 
NE Oodadecetosasccaes 13.3 54.2 80.8 43.8 “se 
EE ae eee yee 23.7 70.8 53.7 38.0 5.8 
BONES ce ccccscsccces 6.8 62.1 63.2 39.2 3.3 
Union of South Africa...... 26.5 56.1 sis ss i 
Yugoslavia? .........cceee 32.0 48.5 ‘is AY: 7.2 





Source : Statistical Office of the United Nations, Statistics of National Income and Expenditure, Statistical Papers, 
Series H,No. 10 (January 1957). For definition of each item and national differences in coverages and 


definition, see source. 


a Payments to factors of production in the construction industry as a per cent of gross domestic product at factor cost 
(total factor payments); for Chile, Israel and the Philippines, of net domestic product at factor cost. 


b 1950. 


© Government fixed capital formation excluded in part from capital formation. 
d Gross material product; capital formation includes changes in inventories. For definition of concept of gross material 


product, see source, 


rock but would exclude tunnelling through rock forma- 
tions, for reasons stated above. Each of the major 
types of engineering projects analysed in this article 
includes earthwork operations which have certain 
characteristics of their own. Thus, in road building, 
earthwork operations would cover excavation 
and use of the excavated material to fill and level 
grades. Reclamation projects include a number of 
operations with special characteristics, as indicated 
in table 2. Construction of concrete dams requires 
excavation and removal of large masses of earth and 
rock to provide the foundation of the dam and, in 
most cases, channels to regulate the water flow. 
Construction of earth dams involves excavation of 
material in adjacent areas, hauling this material to 
the dam site, placing it in position, and compacting 
the earth to provide a water-tight barrier. Many 
reclamation projects include canal system for irrigation 
or other water control purposes, for which excavation 
and removal of considerable masses of soil are required; 
where such canal systems are combined with earth 
dams, the material removed is often used in the 
construction of the dam itself. 


Because of the relatively simple nature of the opera- 
tions just listed, a number of alternative techniques 
are available to accomplish them, which involve a wide 
range of different combinations of labout and equip- 
ment. At one extreme will be found predominantly 
manual methods of high labour intensity;? at the 
other extreme, completely mechanized operations of 
excavation and hauling which are highly capital- 
intensive. Between these two extremes, many com- 
binations are possible and are actually in use; for 
example, manual labour may be used for digging and 
mechanized transport to haul the material. 


There are several factors other than direct costs of 
production that would affect the choice of techniques 
for a given project. There are, first, limitations due 
to topographical conditions. In the case of canals 
and roads the work proceeds over long belts of terrain 
and, except for specially unfavourable topographical 
features, there is generally enough manoeuvering 


3 Non-mechanized forms of power, such as animal power, may 
of course be substituted for human carriers, 
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space for deployment of large numbers of either 
machines or men. On the other hand, work on earth 
and concrete dams—particularly on the latter—gene- 
rally has bo be carried out in a confined space, and 
often on difficult terrain. These factors put certain 
limitations not only upon the size of the work force 
and the number of machines that can be effectively 
used but also, in some cases, upon the type of equip- 
ment. 


More generally, the choice may be affected by certain 
considerations of economic and social policy. In 
many under-developed countries there exists a 
chronic labour surplus in the form of large groups of 
unemployed or under-employed labourers while at 
the same time there are scarcities of capital resour- 
ces due to the well-known structural imbalance in 
factor endowment of most of these economies. It 
is argued that under the circumstances‘ it is proper 
for these countries to undertake large engineering 
projects using labour-intensive techniques, which 
are not necessarily based on considerations of com- 
parative cost, provided of course that this is consis- 
tent with the technological requirements.> This 
would release scarce foreign exchange to import 
capital equipment for industries in which no such 
possibilities of substitution exist. As an example, 
the Government of India has stated as a matter of 
policy that in the construction industry more emphasis 
is to be put on increasing employment opportunities 
than on mechanization.® 


The use of labour-intensive techniques in cons- 
truction may be designed outright as a “make work” 
measure for unemployment relief. A recent example 
of such a policy may be found in Tunisia. Construction 
of that dams or barrages which are part of an extensive 
irrigation system in the valley of Medjerda was done 
by means of “modern” capital-intensive techniques. 
At the same time, certain supplementary canals were 
built with highly labour-intensive techniques in order 
to provide employment for workers who had lost 
their jobs as a result of the fall in production in other 
sectors of the economy.’ 


As an example of the use of extreme labour-intensive 
techniques in engineering construction on a gigantic 
scale might be mentioned the carrying out of a number 
of civil engineering projects under a vast construction 
programme by the Government of mainland China. 
Extensive use was made of seasonally unemployed 
farm labour; many millions of farmers released from 
agriculturel operations during the winter and spring 
months of the year were mobilized by the Government 
for that purpose.® To illustrate the scale of these 


4 See also the discussion on economic versus accounting costs in 
a later section. 

5 Such a restraint would apply, for example, in rock drilling 
operations. 

6 International Labour Organisation, Building, Civil Engi- 
neering and Public Works Committee, Annual Report of the Fifth 
Session (Geneva, 1955). 

7 Government of Tunisia, La Mise en Valeur de la Vallee de la 
Medjerda (Tunis, 1956). 

8 Government of India, Central Water and Power Commis- 
sion, Report on the Recent River Valley Projects in China, by 
Kanwar Sain and K. L. Rao (New Delhi, 1955). 


operations, 2.5 billion cubic feet of earth was moved 
by 1.3 million workers. without the use of any machi- 
nery, in the construction of the main irrigation canal 
in North Kiangsu. which was finished in eighty days. 


Conversely a different situation may arise in some 
under-developed countries where no such chronic 
labour surplus prevails; in such countries, a sudden 
massive increase in the demand for labour for large- 
scale engineering projects of a few years’ duration 
would result, on the contrary, in a major disturbance 
of the labour market. Concern about this type of 
situation can be found in a recent study of a large 
hydro-power development in Ghana.’ In recommen- 
ding a high degree of mechanization in the construc- 
tion of this project the commission in charge of the 
study indicated among other reasons which motivated 
its decision the desirability of avoiding an undue 
destabilizing effect upon the labour market; difficulties 
would arise at the end of the construction period, in 
finding alternative employment for workers released 
from the project. 


From a conventional cost point of view, a factor 
which in some cases limits use of labour-intensive 
techniques is excessive peripheral labour costs. Such 
costs may be considerable. Construction projects are 
frequently located in relatively remote, sparsely 
populated areas, difficult of access and devoid even 
of minimum facilities. Even when highly mechanized 
construction techniques are used which involve only a 
relatively small labour force, provision of transporta- 
tion, housing and elementary amenities of life for the 
labour employed is often a difficult and costly proposi- 





Tabal 2. 
United States: Principal Element: in Cost of Typical 
Heavy Engineering Construction Projects 
(Percentage of total cost) 


Reclamaticn Projects* 





Item Dams, 


earth Roads 


Dams, 
Canals concrete 


Earthwork and 





excavation 52.4 30.4 69.5 19.2 
Concrete work 43.7 58.9 23.8 16.6 
Structures 3.8 7.0 3.9 23.6 
Miscellaneous 0.1 3.7 2.8 40.6 
Source : 


United States Department of the interior, Bureau of 
Reclamation, and Department of Commerce, Bureau 
of Public Roads. The data for reclamation projects 
are “typical cost” distributions while the data for 
roads are based on contractors’ expenditure for feder- 
ally supported road construction in 1955. 
a Excludes engineering, investigation costs and design 
and inspection charges. 
b Includes expenditures for road base and surfacing 
materials other than concrete, amounting to 16.2 per 
cent. 





9 Volta River Project, op. cit., vol. II, pages 280 and 281, 
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tion. In labour-intensive projects the expenditure can 
become very considerable, to the point of affecting 
the economic feasibility of the project. As an example, 
in Finland, mechanization has been an important 
factor in making possible, because of smaller labour 
requirements, the carrying out of a certain number of 
hydroelectric projects in the remote northern part of 
the country; even with labour requirements greatly 
reduced by mechanization, the cost of temporary hous- 
ing and facilities for the construction force amounted 
to as much as 7 per cent of the total cost of one 
project.'° 


To cite another example, one of the considerations in 
the recommendations made by the commission on the 
Volta River project for the “highest possible degree of 
mechanization”, noted earlier, was the cost of provid- 
ing facilities for workers in an area then relatively 
uninhabited. Even for the more capital-intensive 
alternative the cost of the temporary village needed to 
house the labour force of the site of the project was 
estimated at 12 percent of the total costs of the project. 


Finally, an important and sometimes decisive 
factor in selection of techniques is the time element. 
Many construction projects, particularly those in the 
area of basic investment—irrigation schemes, power 
dams, roads, and others—are prerequisites to the 
development of agriculture and industry. More mecha- 
nized construction techniques, by speeding up the 
comp'etion of these projects, may thus yield benefits 
which will more than balance the additional costs 
involved as well as other considerations favouring 
less mechanized techniques. Accelerated completion 
of such basic projects would raise output and real 
income in other sectors of the economy. For example, 
in the case of an irrigation scheme, the faster the 
project is completed the sooner the economy will 
benefit from increased food supplies. 


While mechanized techniques will, as a rule, lead 
to a shorter construction period as compared to 
labour-intensive techniques, so that the time factor 
generally favours the former, there are also cases in 
which the reverse may be true.'' An example of the 
latter is found in certain phases of the Kosi flood 
control project in India, undertaken in 1953/54 as 
part of a broader river valley development programme. 
These phases of the project were originally scheduled 
to be undertaken after the principal dam and other 
structures had been completed. However, a disastrous 
flood led the local authorities to advance the con- 
struction of some of the flood control earthworks in 
the Kosi area. As it appeared unlikely that any machi- 
nery could be spared from other projects at the time, 
and there was not sufficient time to consider procure- 
ment of the necessary machinery from foreign sources, 
the decision was reached to carry out these operations 
by labour-intensive techniques. Even if machinery 


10 Information presented by ©. Korvenkontio, Assistant 
Director of the Building Department, Imatran Voima Osakey- 
htio, Finland, to a meeting of specialists on hydro-power sta- 
tions; see footnote 13. 

11 In this connection it may be noted that the irrigation canal 
system previously mentioned, in North Kiangsu, was completed 
in eighty days. 


had been available, time would have been needed to 
prepare the necessary supplementary roads on which 
to use this equipment.'? Practically no machinery was 
used on these works; they were carried out by employ- 
ing a large labour force recruited from the area and 
from other parts of India. 


Analysis of Cost in Earth-Moving Operations 


Few data are available on variation in costs and cost 


‘components under different levels of mechanization, 


although inquiries are being undertaken in this field 
through the Economic Commission for Asia and the 
Far East, and the Economic Commission for Europe. 
For the present study, conducted on a micro-economic 
level, an analysis has been made of the available 
engineering and accounting data, based upon indus- 
trial practice in some of the more developed countries, 
particularly in the United States, where most of the 
relevant materials has been collected;'? and an 
attempt made to identify certain factors which deter- 
mine costs. In the next section these factors are re- 
appraised in the light of conditions prevailing in under- 
developed countries to ascertain, as much as possible 
in quantitative terms, their effect upon the various ele- 
ments of cost. 


If, as is hoped, adequate cost data on construction 
projects in under-developed countries become avai- 
lable at some later date, the preliminary conclusions 
thus arrived at in this study may be expected to be 
amplified and refined. It is hoped, also, that this 
article will stimulate further research and the gather- 
ing of relevant statistical data in this field. 


We examine first the effects on costs of earth-mov- 
ing, of the increase in the extent of mechanization in 
the United States. The period considered is 1923-1955, 
which is covered by a study recently published by the 
United States Bureau of Public Roads. The data in 
table 3 show average prices bid by contractors for 
excavation in road construction. These indicate the 
general trend of such prices since 1923. It can be seen 
from the table that there was a sharp downward 
movement in bid prices from 1923 until 1939, at 
which time the average price was less than half that 
prevailing in the base year. Following the outbreak 
of hostilit‘es in 1941, prices rose rather erratically; 
they continued higher throughout the war and the 
immediate post-war period; by 1948, the average bid 
price was nearly double that in 1939, without, however 
reaching the 1923 peak. Since 1948 prices have fallen 
slightly, fluctuating around a level some 60 percent 
above 1939 prices but still 20 per cent below those of 
1923. 


12 Indian Journal of Power and River Valley Development 
(Calcutta), March and September 1955. It was believed that 
the Kosi project might serve as a model for future undertakings 
of a similar nature. 

13 In addition, some data relating to European countries 
have been obtained from papers submitted to a meeting of experts 
to study prospects for reducing costs for hydro-power stations and 
the effect of mechanization in that connexion, convened by the 
Committee on Electric Power of the Economic Commission for 
Europe (ECE) in Geneva, November 1956. The heterogeneity of 
the material submitted by Governments to this meeting has preclu- 
ded wider use of the data for the purpose of this study. A detailed 
questionnaire on cost of construction has since been circulated 
to Governments in the ECE region. 
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In addition to the Bureau of Public Roads data, 
scattered information is also available since 1931 for 
unit cost of earthwork in reclamation projects, parti- 
cularly earth dams. These data show a decline in 
average unit prices from the early 1930s until 1939, 
after which there was a rise. Prices in the post-war 
period were, as in the case of road excavation, at 
about twice the level obtaining in the immediate 
pre-war years. "4 


In order to eliminate from the data the effect of 
general price changes in industry, the index of unit bid 
prices in table 3 has been deflated by the index of 
wholesale prices for industrial commodities. It can 
reasonably be assumed that in the pre-war period 
earth-moving operations were relatively more labour- 
intensive than the “average industrial operation” in 
the United States so that, all other things being equal, 
such a deflation may be expected to provide a measure 
of the movement of excavation unit costs in relation 
to costs in the rest of the industry. This relative 
movement thus provides, in turn, a measure of the 
effect of mechanization in earth-moving which has 
taken place. Table 3 indicates that, as compared to 
the inter-war years, earthwork costs in road construc- 
tion have fallen in the post-war period by some 50 
per cent relative to the cost of other industrial goods, 
thus reflecting a corresponding increase in producti- 
vity due to the accelerated mechanization of this 
sector. If the comparison is made with the immediate 
pre-war period, it is seen that the “deflated” unit 
excavation costs fell by 25 per cent; for the same 
period the “‘deflated”’ costs of earthwork in dam cons- 
truction appear to have remained unchanged.'5 


Another way of viewing the situation would be to 
consider what would have happened to excavation 
costs had there been no change in productivity 
that is, if the relative share of the key factors in real 
costs, labour and capital, had not changed, so that 
costs had followed directly the rise in factor prices. 
A computation made by the United State Bureau of 
Public Roads reveals that such costs would have tripled 
from 1923 to the post-war period, mainly under the 
influence of a fourfold increase in wage rates'® (chart 
1 and table 4). 





The preceding data suggest that both in road cons- 
truction and construction of dams, increased mechani- 
zation has, by raising productivity, offset the greater 
rise in the price of labour relative to prices of other 
factors, particularly that of equipment. A contribu- 
ting factor in the larger decline in excavation costs in 
road building as compared to earth dam construction 
would appear to be the fact that in the former there 


14 United States Department of the Interior, Bureau of Recla- 
mation, Reclamation Manual, Specialist Supplement No. 1 to 
part 8, “Construction Cost Estimates’’ of volume X, Design and 
Construction (Denver). 

15 The data in table 3 indicate that wholesale prices of industrial 
commodities have doubled since the immediate pre-war years, 
while, as noted above, unit costs of earthwork in dam construc- 
tion also doubled in the same period. 

16 Some of the increase in wage rates resulted from the use of a 
larger share of skilled labour in the post-war period, owing to 
more extensive use of equipment. 


was a definite trend towards larger-scale projects 
which apparently resulted in economies of scale. The 
effect of economies of seale is discussed at some length 
later in this section. 





Table 3 


United States: Indices of Unit Bid Prices for Road 
Excavation, based on Current and Constant Prices 
(C923 —100) 





Bid prices 


Excavation Wholesale price deflated 








Year bid price of industrial by wholesale 

(per cubic commodities Prices 

yard) 
(2) (2) (3) 

ba 100 100 100 
eee 92 96 96 
ae 83 98 85 
i Say 77 96 80 
Se 74 90 82 
SO emcee 72 89 81 
Pee 68 88 77 
Lee os % 64 82 78 
ee REDE 57 72 79 
See 38 68 56 
ear 55 68 81 
Saar a 62 75 83 
ee 55 74 74 
i re 55 76 72 
re 51 82 62 
Cl ae 45 78 58 
re 45 78 58 
ae 45 80 56 
POE. 25.55 51 85 60 
ROPE ss 5s, 0i8 79 91 87 
1943 94 93 101 
Eee 79 95 83 
eae 77 96 80 
Serre 74 105 70 
i Sry 81 128 63 
are 89 139 64 
a 81 136 60 
| Remar 70 140 50 
Co) ee 83 155 54 
Se 85 152 56 
CEES 81 153 53 
2 See 74 154 48 
een 77 158 49 
Source: 


United States Department of Commerce, Bureau of 
Public Roads, and Statistical Abstract of the United 
States (Washington, D. C.). 





In order to appraise more fully the nature of the 
decline in cost which occurred as a result of mechaniza- 
tion, it would have been necessary to analyse the 
behaviour of the individual cost components under 
various relative factor prices and at various points of 
time corresponding to different levels of mechaniza- 
tion. Unfortunately, the scarcity of sufficiently detail- 
ed data complicates the task. Estimates have been 
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made for the pre-war period in the United States for 
some components of cost; these, however, were ag- 
gregated in too broad categories to allow for useful 
comparisons; on the other hand, while a number of 
sample studies with adequate cost data exist for a 
few countries for certain years in the post-war period 
there is a lack fo comparable data for earlier periods. 

Nevertheless, it is possible to derive from the avail- 
able material some interesting indications of the be- 
haviour of certain key elements of cost. Thus, a com- 
patison of the distribution of unit excavation costs 
in highway construction in the United States in 1923 
and 1953 (the total of which, as was shown earlier, 
fell by 20 per cent during this period) reveals a decline 
in the share of labour costs from 45 per cent to 32 per 
cent. In view of the fourfold rise in wage rates, this 
implies a sharp decline in man-hours per unit for out- 
put. In fact, the fall in labour costs in responsible for 
all of the decline in unit costs. The rise in the share 
of other cost elements primarily related to equipment’? 
corresponds to a relatively stable level in absolute terms 
of such expenditure, in current prices, and, if the price 
changes of capital equipment are taken into account, 
to a decline in expenditure in constant prices. This 
decline is, however, much less than the fall in real 
labour costs (see table 4). The decline in real, expendi- 
ture on equipment has been due to improvements in 
its quality and its rate of utilization, and to better 
repair and maintenance services; all these factors are 
examined in detail below. 

A further breakdown of costs related to equipment 
for the post-war period may be derived from cost 
studies by the United States Bureau of Public Roads, 
which provide data on the composition of operating 
expense for equipment on the job—excluding operating 
and maintenance labour, overhead and profit. Accord- 
ing to these studies, approximately 40 per cent of that 
expense on a typical job is accounted for by interest 
end depreciation, enother 40 per cent by repairs 
and maintenance, 15 per cent by fuel and lubricants 
and 5 per cent by miscellaneous items. 

As this sudy is concerned with real—as against 
formal accounting—costs, the relevant factor in 
depreciation charges is physical wear and tear of the 
equipment rather than charges based on cnventional 
accounting depreciation rates, which are included 
in the cost schedules of the studies just mentioned. 
Differences between “‘real’’ and accounting deprecia- 
tion charges may arise on two grounds: first, the 
accounting write-off may in many cases correspond 
more closely to the obsolescence of equipment than to 
its actual physical depreciation.'® Second, accounting 
depreciation charges are generally calculated on a 
straight time basis regardless of the rate of utilization 
of the equipment on the job or idle time between jobs. 
This does not lead to any special difficulties in the 

17 The remaining costs are profits, overhead and material, 
such as fuel and lubrication; supplies used in maintenance and 
repair are included in capital costs. 

18 Tn fact, as a result of rapid development of improved equip- 
ment the value of existing equipment items may in some cases be 
written off at an accelerated rate. However, in view of the highly 
competitive nature of contract construction, particularly in the 
United States, such practices do not appear to be standard, as 
attempts at accelerated depreciation by any firm would result in a 
higher unit cost which would put it in an unfavourable position 
vis-a-vis competitors in the industry whose costing is based upon 
normal depreciation. 


United States, where performance rates are generally 
high and where the existence of a backlog of major 
construction projects provides for a wide range of 
employment opportunities for the equipment. As a 
result, equipment can be moved to new jobs without 
much loss of time.'? Under these favourable conditions, 
the accounting depreciation charges given in the cost 
data may be considered as reasonably representative 
of physical depreciation. This is not necessarily the 
case in under-developed countries. 


Table 4. 
United States: Composition of Unit Cost in Road 
Excavation and Changes in Prices of Major Components, 
1923 and 1953 








1923 1953 
“Cents Percen- Cents Percen- 
ITEM per cubic tage of per cubic tage of 
yard _ total yard _ total 





Costs: 
Weabemr. ..nkcs 21 45 12 32 
Materials .... 2 5 5 12 
Equipment, 
overhead and 
sap6e's 24 50 21 56 
Total 47 100 38 100 
Price indices: 
WRONG 5 cesses 100 390 
Construction 
equipment 100 185 
Source : 


United States Department of Commerce, Bureau 
of Public Roads; price index for construction equip- 
ment based on private data. 
Chart 1 

United States: Index of Unit Bid Prices in Excava- 
tion for Highway Construction 1923-1956 (1925-1929 
=100) 
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combination since 1923 





19 There have been interesting developments in the organiza- 
tion of the industry to facilitate this process, as, for example, 
the growth of firms renting equipment. Another factor which 
contributes to the purely physical mobility of heavy equipment 
is the existence of a well developed road network. 
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Note: The index point shown for each year represents 
the average for the year and does not necessarily cor- 
respond exactly with the index point for the middle 
of the year. 


Source: 
United States Department of Commerce, Bureau 
of Public Roads. 
As to the second major category of costs related to 
equipment, namely maintenance and repairs, the 
nature of the work performed requires even under the 


- most favourable conditions that considerable attention 


be paid to proper maintenance and repair. Thus, it 
has been found in the United States that, in road 
construction, some 6 to 28 per cent of the working time 
of excavation equipment is spent in undergoing or 
awaiting major servicing and repair, and therefore 
increasing attention is being given to measures aimed 
at reducing such delays. With large fleets of equipment 
in operation, manufacturers, dealers and the construc- 
tion firms themselves find it economical to maintain 
large inventories of spare parts; in addition, special 
servicing equipment has been designed for that pur- 
pose. If equipment is continually employed, because 
of the opportunities offered by a large and susta‘ned 
volume of construction, as is the case in the United 
States and probably also in other industrially advanced 
countries, the share of such expenses per unit of out- 
put is relatively small. But at a low rate of utilization 
the unit cost of maintaining large inventories of spare 
parts and employing special servicing equipment may 
become very high. 


Another element in cost which is in fact not recogni- 
zed as such—at least by the individual enterprise in 
industrially advanced countries—but cannoet be 
ignored in evaluating the cost of more mechanized 
techniques in underdeveloped areas, is the fact that 
the use of extensive and often complex construction 
equipment presupposes the existence of an adequate 
supply of skilled labour to operate the equipment, 
and of skilled repair personnel. In the economically 
advanced countries, the supply of skilled labour is 
taken for granted by the enterprise as part of the 
industrial environment, and for the individual enter- 
prise the cost aspect of the use of more skilled labour is 
reflected uniquely in the wage differential which has to 
be paid; the cost of training such labour need not be 
borne by the industry and even less so by any one 
project, as may be the case when ad hoc training is 
involved. 


The considerations outlined in the preceding para- 
graphs could be summed up by sayiug that the exis- 
tence of favourable environmental factors, which are 
often independent of the conditions of the project 
itself, is an important contributing factor in lowering 
costs and enhancing productivity of the equipment 
used. The effect of these environmental factors, some 
of which may be designated as “external economies’, 
has to be taken into account in any comparison of 
unit costs for a similar level of mechanization between 
industrialized and less industrialized countries. That 
the problem of external economies is not confined to 
construction industries need hardly be stressed. 


The next consideration is the effect of the so-called 
“economies of scale’, that is ,the effect upon unit costs 
of the size of the project, which may be considered as 
another “‘dimension” in the cost structure. Recent 
studies suggest that within certain limits there is a 
tendency for unit costs to decline with increasing size 
of projects. Table 5 and chart 2 show the unit cost 
of earthwork in fifteen dam construction projects 
carried out in Sweden between 1950 and 1956, re- 
calculated in 1956 prices in order to eliminate the 
effect of price changes. It can be seen from the table 
that within the size range of the projects covered in 
the statistics there is a definite downward trend of unit 
costs in relation to size. 


For the United States, table 6 and chart 3 present 
cost data relating to the construction of thirty-three 
dams built between 1946 and 1950. If an adjustment 
is made for price changes, the cost data (calculated 
in 1940 prices) indicate a somewhat more complex 
relationship. In the first zone of relatively small-scale 
operations, up to about 500,000 cubic yards, there is 
a sharply declining trend in unit costs. This is follow- 
ed by a medium scale range, from 500,000 cubic yards 
to five million cubic yards, where unit costs are relatively 
stable. In the third zone, corresponding to large- 
scale jobs, over five million cubic yards, there is once 
more a fall in unit costs in relation to size. 


A study was also conducted by the United States 
Bureau of Public Roads on costs of excavation for 





Table 5. 


Sweden: Size of Project and Unit Costs of Earthwork 
in the Construction of Hydro-Power Stations 














1950-1958 

Size of Excavation costs 

project per cubic metre 

PROJECT (thousands of at 1956 prices 
cubic metres) (kronor) 
Stornoffors 2,512.5 4.0 
Holleforsen 2,378.0 2.5 
Grundfors 2,160.0 3.5 
Porsi 1,840.0 4.0 
Kilforsen 1,681.5 4.0 
Umluspen 1,411.0 5.5 
Stendsele 1,017.0 4.0 
Jarkvissle 510.0 5.5 
Lasele 392.0 6.0 
Mavarede 383.5 7.5 
Langbjorn 336.0 7.0 
Bergeforsen 220.1 10.5 
Ligga 128.0 11.0 
Harsprange 105.0 8.0 
Stugun 105.0 9.0 

Source : 


T. Nilsson and G. Pira, “Construction Time and 
Cost of Hydro-power Stations in Sweden”, paper 
presented to meeting of specialists sponsored by the 
Committee on Electric Power of the Economic Com- 
mission for Europe; see footnote 14. 
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road construction, in recent years. An analysis of 
the data showed that unit prices of slightly more than 
60 per cent of the projects were above the average.*° 
Unit prices of the remaining 40 per cent were below 
the average. This suggests that unit prices tend to 
be higher for small-scale jobs. As was mentioned 
previously, there is some tendency in the post-war 
period towards large-scale jobs, which make possible 
the use of larger pieces of equipment, more economical 
to operate on large runs. It is likely that the shift to 
larger scale jobs in the post-war period is one of the 
factors in in the decline in real costs noted above; 
this means that the mechanization and scale effects 
on costs are closely interrelated. 








Table 6 


United States: Size of Projects and Unit Cost of 
Earthwork in Reclamation Projects, 1946-1950 





Size of project Cost per cubic yard 








(thousands of at 1940 prices 
cubic yards) (dollars) 
NE Oe ia 6is Seas oebaeee oeaeenee vers 0.30 
fo PEP Tee ee rere terre re rer ee 0.27 
EE OA wonldi cape aehabet sabe paaseb.ca¥ 0.42 
NI Suc adie « bos oGs Cite Sek cash ook ers 0.44 
MHA wie s Weds kee wer eceaSeedathnnests 0.56 
RE ie et Ce air reparats ree are 0.52 
ithtc tte cae take Gee OCk Sos deabaw ee 0.25 
CD ay Shcahukab eles cds baknévgencve® 0.5 
RR pee ee ree Popes 0.47 
ME a ation aedhinSe o's Civ Daw ¥S Dawwks Rey 0.43 
PA «Vn. rauradim ectdia's s mes/ahite oeaesa al 0.39 
ET 9 i ganas es had dc nea doeaenas co 0.96 
SE 6 oe Wit Rees ACEO OME EERIE he + 0.60 
NO ngs cecaudek tab kas we aca NeRee ens 0.43 
MME Sai h.dhe a deen RS BWR Wie ore calSelee wee 0.43 
PRUE eo rata Raia Saeed whe seem gaat 0.48 
EE CIS a Tae he ae me a? 0.47 
a ws os nh abbas takes edeh a ena SEs 0.64 
i cvtdcddes venation te senses esatus 0.82 
NTA ta cre ciek e's cheeNe wan eweuae eee 0.68 
PEE avis. ce PAAR as ee KORE eeaee wae 0.58 
Re oda: i agate win oi trices GORE ae wa ae ee 0.51 
BP CCRC nuenareisinahacdeet tenes 0.5% 
DN eet oi Wr athnred sh SUwA eee Reneenon 0.69 
EE fc wnaraee aaah at o's.0< Saale moms eee 0.35 
MS haieestac aie eetatahde anus teauet ons 1.09 
ME 005 wa 60 0c 4 Oe I a pneaa acne 0.29 
RE fo os. nace Wane anna Wk Mirae ae aes! a5 oe aca 0.40 
Lh RRS eg IES para thy een eat ere epaP a 0.31 
Ee ee i ape fs oer Ce tap 0.98 
MO So ac aks 4.4. 4.4 Gi@ienbos erece Gar Gio a aeaiansios Gees 0.80 
BE An ah watighale 4 a sinees wa dee Cae ee 0.85 
UR. Pe sia ledihy sic tih: ck aim tate an 64 es obein 1.16 
Source : 


United Stees Department of Interior, Bureau of 
Reclamation, Reclamation Manual, volume X: De- 
sign and Construction (Denver). 








2” Obtained by dividing the total cost of all projects by the 
total volume of earth moved. 
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One of the factors in economy of scale is that use of 
more efficient large pieces of equipment involves various 
ancillary costs for certain overhead facilities which 
can be carried economically only on large jobs. For 
example, in earth dam construction it may be necessary 
to construct auxiliary access roads to bring the 
equipment to the site.?" 


As was suggested above, higher levels of mechaniza- 
tion appear to be closely associated with the effect of 
the scale of any project on costs. This can be inferred 
from the data quoted above which relate to post-war 
projects, where rather advanced techniques could be 
expected to be used. Unfortunately, no comparable 
data exist on cost behaviour in the pre-war period 
when presumably lower levels of mechanization 
prevailed. 


Reappraisal of the Cost Data in the light of conditions 
in Under-developed Countries 

In evaluating these cost data in the light of condi- 
tions in under-developed countries, a fitst adjustment 
is necessary in some cases to allow for discrepancies 
that may arise between the market factor prices and 
the equilibrium factor prices which correspond 
to the factor endownment of a given country. 
Under conditions approximating the operation of a 
theoretically ‘‘free’’ market, such as mobility of, and 
perfect competition among, the various factors, the 
market prices of factors of production would be close 
to their economic cost. The existence of significant 
frictions and other imperfections in the market which 
interfere with the “free’’ pricing mechanism (among 
other things, certain government economic and social 
policies and the existence of economic controls of 
explicit or implicit nature) may lead to major discre- 
pancies between the market prices factors and their 
economic equilibrium prices. 
Chart 2 Sweden: Unit Costs of Earthwork in relation 
to Size of Project in the Construction of Hydro-Power 

Stations, 1950-1956 


(In constant 1956 prices) 
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Source: See table 5. 


21 In fact, the need for such access roads and generally larger 
manoeuvring space may be a major consideration preventing 
use of large equipment on narrow or remote sites, as noted above. 
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Chart 3. United States: Unit Cost of Earthwork in relation to Size of Project: in Reclamation 


Projects, 1946-1950 
(In constant 1940 prices) 
Source: See table 6. 


The theoretical prerequisites of a ‘free’ market are 
seldom completely satisfied even in economically advan- 
ced economies. Thus, in the case of wages, restrictions 
introduced by trade unions or lack of labour mobility 
may result in wage levels above the “‘true” equilibri- 
um level. It is equally well known that the “equili- 
brium” level of the rate of interest is greatly affected 
by the credit policy of the central monetary 
authorities. 


In many under-developed countries which ex- 
perience severe disguised unemployment or under-em- 
ployment, prevailing wages in industry are often above 
the equilibrium level corresponding to the demand and 
supply conditions in the labour market; this may be 
true even in cases where wages are at mere subsistence 
levels. As to the price of capital, there may also be a 
considerable discrepancy between the interest rate on 
funds borrowed to finance the purchase of equipment 
for a particular project—particularly if it is a high 
priority project—and the equilibrium interest rate 
which corzesponds to the actual demand and supply 
situation for capital funds.** Moreover, in countries 
with exchange or import controls, the loca! currency 
is generally overvalued in relation to the equilibrium 
rate; the true economic cost of the imported equip- 
ment at the fixed rate of exchange is thus understated 
when the cost in foreign currency is converted into 
local currency at the fixed rate of exchange. 


22 In the case of capital equipment imported from abroad, 
funds may often be borrowed from international organizations at 
favourab'e rates. It might also be noted that where construction 
is carried out by government agencies, the authorities often 
either fail to impute interest charges to the cost of the projects or 
make use of purely nominal rates. 


For the reasons described above, the use of unadjust- 
ed market prices for both labour and capital in compar- 
ing the cost of techniques of varying capital intensity 
may, in a number of cases, overstate the true economic 
cost of labour and understate that of capital. This 
creates a cumulative bias in the factor cost ratio in 
favour of relatively more capital-intensive techniques. 
It might be mentioned, however, at this point that 
no satisfactory method of quantitative adjustment has 
been developed so far, even though the problem has 
received some attention in the literature.*$ 


In the cost schedules themselves, as has already 
been noted, the major elements in cost relating to 
equipment are depreciation charges and repair and 
maintenance. How are these elements likely to be 
affected by conditions prevailing in under-developed 
countries? With reard to depreciation, it was noted 
earlier that at higher levels of mechanization, low 
depreciation charges presuppose a strong and continu- 
ed demand for construction so as to achieve the fullest 
possible utilization of equipment, unless the project 
for which equipment is to be obtained is sufficiently 
large to claim by itself its full economic life. While 
the situation in this respect may vary from case to 
case, it may be stated on the basis of information on 
current practices in under-developed countries that 
alternative employment for equipment is seldom 
possible at the expiration of the project for which it 


23 See in this connexion the discussion on ‘“‘accounting’’ versus 
market prices in evaluation of investment projects in “The 
Design of Development’”’ by Professor Jan Tinbergen, Netherlands 
Economic Institute. The problem is also discussed in the “Manual 
on Economic Development Projects’’, submitted to the seventh 
session of the Economic Commission for Latin America, May 1957. 
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has been bought, either for lack of employment or 
because of physical difficulties of transportation. 
This results in excessive depreciation charges, as the 
fuil cost of the equipment has to be written off against 
a single project before its actual physical depletion. 
These excessive depreciation charges are only an 
accounting reflection of poor utilization of equipment. 


This problem is under continuing study in India, 
where construction projects, particularly for river 
valley development, account for a substantial share 
of its over-all investment programme.*> Even under 
these relatively favourable circumstances, many 
difficulties are experienced in providing economic 
utilization of equipment. Among the difficulties 
encountered, transport of equipment from one site 
to another some distance away result in very high 
costs and in some cases is not feasible in view of the 
inadequacy of the roads and othe facilities to handle 
such traffic. 


There is, finally, the problem of the rate of utili- 
zation or performance of the equipment on the job. 
In countries with a long industrial history , the necessaty 
skills and familiarity in handling mechanical equip- 
ment exist as part of the general industrial environ- 
ment, a circumstance leading to high rates of perfor- 
mance of equipment. Such an environment has still 
to develop in countries with a more recent industrial 
background, where conditions of work are generally 
unfavourable and are reflected in inadequate main- 
tenance, high frequency of breakdowns and poor 
organization of work with, as a result, excessive loss 
of operating time and low rate of performance.” 
Improvement of the quality and efficiency of main- 
tenance and repair services is particularly important. 
As regards breakdowns and repairs, since in the 
majority of cases spare parts must be imported, 
keeping adequate inventories on hand to reduce 
delays will always be a costly operation if the cost of 
maintaining such inventories is fully charged to any 
individual project, unless the latter is exceptionally 
large. The same applies to the cost of training main- 
tenance, repair and operating personnel; as mentioned 
earlier, the expense of such training proves to be a 
heavy burden if it has to be carried out on an ad hoc 
basis. 


On the whole, it would appear that cost oenditions 
related to higher levels of mechanization are, in under- 
developed countries, consistently less favourable with 

24 It is likely, of course, that there will be some possibility 
for use of the equipment after some period of idleness. In such 
cases there is the additional cost of maintaining the equipment, 
during the unproductive period, to prevent deterioration. It 
should be noted that maintenance of equipment to prevent rusting 
or other damage can be relatively costly. 

25 See, for example, the report of the Construction Plant and 
Machinery Committee, Ministry of Irrigation and Power (New 
Delhi, 1954). Some of the findings and recommendations of the 
Committee are discussed below. See also articles appearing in 
Indian Journal of Power and River Valley Development. 


26 Examples of insufficient recognition of this problem on 
specific jobs may be found in industrially advanced countries as 
well. See, for example, the comments of the Preparatory Com- 
mission for the Volta River Project (op. cit., Vol II, page 280) 
relating to such instances and the effects on the costs of projects. 


respect to the factors considered above, including rela- 
tive prices of factors, rate of utilization of equipment, 
repair and maintenance, and availability of skilled 
labour. To put in differently, for the same degree of 
mechanization, it is likely that such costs will consis- 
tently and substantially exceed those obtaining in 
industrial countries. The higher costs arising on 
equipment account are likely to more than offset the 
substantial differences in wage rates between the two 
areas, the more so—as far as unit costs are concerned 
—as part of the wage rate differentials is absorbed by 
the generally lower productivity of labour in under- 
developed countries. 


Few data are available from under-developed coun- 
tries comparable to the data presented earlier in this 
article which lend themselves to a quantitative 
analysis. Some material which may shed light on these 
problems is contained in the report of the Indian 
Construction Plant and Machinery Committee, referred 
to earlier. As regards the write-off of equipment 
against a particular job, the Committee estimated 
that in numerous instances a realistic appraisal 
would lead to a substantial increase in depreciation 
charges, which in the project accounts were calculated 
on the basis of a full life expectancy, regardless of the 
possibilities of re-use of the equipment. In one case 
it was found that the increase would be of the order 
of 60 per cent.?7 


As to the rate of utilization of equipment of the 
job, the report contains data on actual working time 
compared with the maximum number of hours which 
were theoretically available. On the average, the 
actual working time on six projects analysed amounted 
to 52 per cent of total available time; on individual 
projects, the percentage of actual operation time 
ranged from 35 to 68 per cent. It may be noted in 
this connexion that somewhat comparable data for 
the United States quoted earlier indicated that loss due 
to major repairs and overhaul ranged from 6 to 28 per 
cent of available time. Among the factors contributing 
to the poor rate of utilization in India were difficulties 
in obtaining spare parts—which were mostly imported 
—inadequate training of operating and maintenance 
personnel and failure in many cases to provide comple- 
mentary equipment. 


As an illustration of the way in which the various 
cost elements are likely to be affected a tentative 
calculation is given, based—for want of actual data— 
on hypothetical estimates. As a starting point, the 
following range of distribution of cost elements, 
based on United States practice in road construction, 
was assumed (in percentages of total unit ccst): 


Per cent 

1. Cost on equipment account 50-60 
Depreciation and interest 20-25 
Repair and Waintenance 20-25 
Other 10-15 

2. Cost on labour account 30-35 
3. Overhead and miscellaneous expense 10-20 


27 Ibid., pages 120 and 127, 
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Under “depreciation, and interest’’, charges for inter- 
est, customarily at a rate of 6 per cent in the United 
States, would account for approximately 25 per cent 
of this item. For a typical under-developed country, 
one might assume for the purpose of this calculation 
and as an order of magnitude, the “true” interest 
rate to be double, or perhaps as much as three times, 
that figure.*® The effect would be to raise earthwork 
eosts on interest account by about 5 per cent, or 
under the more unfavourable assumption, by as 
much as 10 per cent.”9 

With respect to depreciation, it is difficult toexpress— 
in the form of a numerical adjustment coefficient of 
general validity—the effect of the factors described 
above. In addition to these (particularly the rate 
of effective utilization of the equipment and its 
performance on the job) there are also such elements 
as the physical limitations of the site and the efficiency 
of over-all management of the project, including the 
planning of successive operations. All of these factors 
are in turn interrelated. If it is assumed, for illustrative 
purposes, taking into consideration the Indian experi- 
ence mentioned above, that depreciation charges 
against equipment on all but the very large projects 
would be some two to three times the rate applicable 
in the United States,3° the effect would be to raise 
costs by 15 to 40 per cent. For costs of repair and 
maintenance one might assume—not unreasonably 
so—a twofold or threefold increase, the effect of which 
would be to raise total costs by some 20 to 50 per cent. 
The over-all effect on account of inte-est, depreciation 
and repair charges thus might be to raise costs by 
40 to 100 per cent. 

With respect to labour costs, it might be assumed 
that wage rates are one-third to one-fourth of the 
level prevailing in the United States. If an adjust- 
ment is made for lower productivity (for example, 
one-half of that in the United States at the same level 
of mechanization) it can be seen that the savings in 
the labour cost item would offset only to a minor 
degree the higher costs related to equipment. A 
simple numerical example, in which for the sake of 


United States Under-developed 


country 
Labour (33.3 per cent)  .25 154 
Equipment (66.7 per cent) .50 1.25 
Total “75° 1.40 


a ‘Adjusted both for lower wage rates (taken to be equal to 30 
per cent) and lower productivity of labour (50 per cent); 


coefficient of adjustment= ae 6. 
50 


b Assumed to be from 100 to 200 per cent above the United 
States figure, or some 150 per cent on the average. 

¢ This figure can be considered a realistic figure for earth- 
moving in dam construction. 


28 See the discussion at the beginning of this section. The cost 
estimates reviewed by the Indian Committee had interest rates 
ranging from 4} to 6 per cent. 

29 In earthwork on dams item 3 would account for a higher 
share of total costs because of expenditure on access roads, labour 
camps, and similar extras; items 1 and 2 would be correspondingly 
lower. 

3° Two factors have to be taken into account in this regard: 
first, the difficulty in providing re-employment of equipment 
results in larger total depreciation allowances charged agaiust 
a given project; second, for the same total depreciation charge 
the lower rate of technical efficiency on the job results in higher 
unit costs. 


simplicity total costs are assumed to consist only 
of labour and equipment charges, illustrates this point. 
The cost in dollars per cubic metre of earth moved 
would be: 


The effect of the lower waze rates is to reduce the in- 


re 10 
65 


; , 25—.15 
creas? in unit cost by — 


aoemete or seme 15 
1.40—.75 


per cent. 


In the above discussion an attempt was made to 
evaluate the level and structure of costs of earth- 
moving in under-developed as compared with industrial 
countries. starting from the data derived from the 
industry in the latter countries. It was pointed out 
that in the United States the progress of mechani- 
zation over the past thirty years has resulted in a 
decline in the real cost of this operation, Regardless 
of the differences in the absolute level of costs in the 
two areas, the question might now be raised as to what 
effect similar progress in mechanization might have 
had on real cost of earth-moving in a typical under- 
developed country. To answer this question would re- 
quire a comparison of cost data overtime and one need 
hardly be surprised that the relevant information is 
lacking in countries where there is a scarcity even of 
current data. Some qualitative inference might, how- 
ever, be drawn from the earlier discussion concerning 
the trends in costs in the United States. As indicated, 
the relative stability of costs over a period, in the 
face of steep rise in the price of labour in that 
country, has resulted largely, aside from improve- 
ment in the design of equipment (by introduction of 
labour-saving devices, for example), from better utiliza- 
zation of equipment and improved aintenance and 
repair services. As far as the latter elements are 
concerned, it was seerr above that the inadequacy of 
external economies—which is one of the charac- 
teristic features of the operation of industry in under- 
developed countries—was likely to exert a strongly 
inhibiting effect. Taking also into account the great 
discrepancy in the absolute levels of labour cost, one 
might therefore assume that it is unlikely that an 
increase in mechanization would have produced a 
cost-reducing effect of the same magnitude, if any 
reduction at all. Additional research would, however, 
be necessary before any definite statement could be 
made in this respect. 





A few words might be added at this point concerning 
the current trends in the design of equipment, primarily 
in the United States, which reflect the response of 
equipment manufacturers to the changing requirements 
of the construction industry. The major development in 
equipment design has been the trend towards larger, 
higher-powered machinery of greater productive 
capacity. This trend has been facilitated by changes in 
road design in the direction of super-highways of great- 
er width and lower gradients, which involve consider- 
ably larger volumes of earth-moving per mile of road. 
In the United States this trend has received additional 
momentum over the past few years as a result of a 
ten-year highway building programme involving a 
total expenditure of some $100 billion. 
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These developments, which favour a trend towards 
more specialized earth-moving machinery on large- 
scale projects, have been accompanied by efforts at 
increasing the flexibility of equipment for use on 
smaller jobs. Equipment manufacturers have introduc- 
ed to an increasing degree the use of various attach- 
ments to achieve a higher degree of flexibility in 
performing certain operations. Thus, a large number of 
attachments, designed for use on tractors, enable them 
to perform many operations on the construction job 
and to replace smaller specialized equipment. Various 
improvements are being continuously introduced in 
an effort to simplify operations and reduce operator 
fatigue, thus increasing labour performance. 


Similar developments have occurred in the design 
and manufacture of special equipment used in 
maintenance and repair. The huge fleets of equipment 
used on largescale construction projects are serviced 
by specially designed mobile repair shops and such 
specialized servicing equipment as lubricating and 
greasing trucks, all designed with a view to minimiz- 
ing the loss of operation time for the equipment on 
the site.‘ It will be noted in this connexion that these 
improvements in design, which simplify considerably 
the operator’s tasks, necessitate at the same time 
the setting up of a complex repair organization. 


It appears that evolution of the design of construc- 
tion machinery in economically advanced countries 
reflects the general trend of equipment design in 
industry as a whole as well as the particular require- 
ments of the “product”. It is not intended to enter 
into a detailed engineering evaluation of these trends, 
which would be beyond the scope of the present article. 
However, a few words might be said on this subject 
from the point of view of the technical conditions 
prevailing in underdeveloped countries, as reflected 
in the cost analysis above. Thus, it would appear that, 
because of the factors of skills, servicing and flexibility 
in use, employment of highly powered specialized 
equipment would not be indicated on any but the 
very large projects, where special considerations might 
favour their use. Similarly, since the cost of unskilled 
labour is relatively low, and repair and maintenance 

. problems are acute, there would appear to be less 
justification for introducing improvements in equip- 
ment which have been primarily designed to maxi- 
mize labour performance at the cost of greater mechani- 
eal complexity. On the other hand, under-developed 
countries may profit from the tendency towards the 
development of more flexible equipment; at the same 
time a serious effort might be made to study the de- 
sign of equipment so as to simplify repair and main- 
tenance problems. 


Conclusion 


The preceding discussion points towards certain 
conclusions. The cost analysis of excavation 


31 A new development in this field, the full impact of which 
has not yet been fully realized, is the design of earth-moving 
machinery with replaceable parts; when in need of repair, a part 
can be removed on the site and replaced by a new unit without 
removing the machinery itself from the job. This reduces to a 
minimum the loss of time on breakdowns. 


operations suggests that in under-developed countries 
use of highly mechanized techniques is likely 
to result in unit costs of operation which are 
substantially higher than in the more advanced coun- 
tries for similar levels of mechanization. The major 
factors in the higher cost appear to be such 
elements as poor rate of utilization of equipment 
both over its lifetime and on the job; inadequate main- 
tenance, resulting in frequent breakdowns and costly 
repairs; scarcity of skilled labour for operation and re- 
pairs, and inadequate general facilities such as supply of 
parts. The lower labour costs arising from the general- 
ly low wage rates provide only a partial offset to the 
higher cost on equipment account. As was noted, the 
factors responsible for higher costs are related to a 
large extent to the more general problem of external 
economies in under-developed countries. 


It might be pointed out that the conclusions reach- 
ed in this study as to the relative cost of mechanized 
operations in under-developed versus developed 
countries are basically different from the @ priore 
inference that labour intensive techniques are more 
appropriate for underdeveloped countries, on theoreti- 
eal grounds that the minimum cost combination of 
factors would favour such techniques in countries 
where labour is cheap in relation to capital. As can 
be seen from the analysis, the unfavourable cost situa- 
tion in under-developed countries is only to a relatively 
minor degree related to the difference in factor prices; 
it appears to reflect to a much more significant extent 
the differences in productiviy of the factors employ- 
ed. The differences in productivity are in turn caused by 
elements which are largely dependent on the entire 
“climate”’ in which the industrial operations in the 
under-developed countries take place. 


The results of the analysis indicate, first, that ex- 
ternal economies are, at least in the particular in- 
dustry under consideration but probably also in many 
other industries, a key factor in determining the eco- 
nomic level of mechanization.3? Second, it would 
appear that in many instances the problem of the level 
of mechanizations involves not so much a choice bet- 
ween alternative techniques of greater or lesser capital 
intensity as the proper selection of the “capital” itself; 
in other words, the problem of capital intensity raises 
qualitative as much as quantitative questions. 


The cost analysis presented above would tend to 
indicate that better results would be achieved with 
equipment adapted to rugged conditions of operation 
scarcity of underdeveloped countries, in particular skills 
and absence of facilities which are part of the normal in- 
dustrial environment in advanced countries. Conditions 
of operation in the under-developed countries call for 
simple, sturdy and flexible equipment by means of which 


32 This is an additional reason why international comparisons of 


such aggregative concepts as capital-output ratios in particular 
industries are of questionable significance. The performance of 
capital in an individual industry, as indicated by the ratio, fails 
to take into account the supporting effect of the investment in 
economic and social overhead some of which is reflected in the 
existenze of external economies referred to above. 


[Continued on page 20 
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Long length, low, medium and high 
pressure suction and Geiivery hoses for 
water and oil. Also for air, spray, 
welding, cement groutiig and sand 
blasting. 


GOODFYEAR moors 


there {$ a 


GOODYEAR HOSE 


for every job and a 


GOODYEAR 
CONVEYOR BELT 


to ¢arry any material 
quickly and economically 








Goodyear Conveyor Belts, by quick 
transportation of bulk quantities, 
offer the lowest cost per ton per 
mile. 


INDUSTRIAL 
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I NEVER SELECT 
GRINDING WHEELS 


BLINDFOLDED 


To select Grinding Wheels 
blindfolded or for their low 
price is most unwise and 
uneconomical. Consistency in 
quality and economical 
operation are two outstanding 
features that you should 

look for when selecting bonded 
abrasive products, no matter 
what kind of grinding operation 
is called for. These ahd other 
outstanding features are found 
in Carborundum Universal 
Grinding Wheels. 













BOMAS CUZ # 


Carborundum Universal Ltd are on 
Rate Contract with the Government 
of india for the supply of their 
Grinding Wheels. and Segments. 








CARBORUNDUM UNIVERSAL LTD., 
Head Office: 
52/53, Jehangir Street, Madras-|. 


Telephone: 2941 (4 lines) 
Works: Tiruvottiyur. 


Distributors : 
M/S: WILLIAM JACKS & CO., LTD., 
Calcutta-!, Bombay-!, Madras-!, New Delhi, 


Bangalore-!, Kanpur. 
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simple erection and trouble-free operation. 
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of pre-engineered, factory-assembled drives, take-ups, 
frames, carriers, supports and accessories. 

EASILY ALTERED. Barber-Greene Conveyors are easily 
lengthened, shortened, or otherwise altered to meet chang- 
ing conditions. 

REPLACEMENT PARTS. A complete line of interchange- 
able parts for all models of B-G Conveyors is readily avail- 
able for easy installation. 
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Future Demand 


For Power: A Method of Estimation 





In estimating future demand for power in a region 
an idea of the consumption pattern of power from 
public utility concerns, the trend of power sale for in- 
dustrial use and of growth of industries will be useful. 
In a developing economy, great emphasis is laid on the 
industrial use of power and speaking generally the 
trend of growth of industries is the major factor for 
assessing the future power requirement in a region. 
Here besides presenting an account of the power con- 
sumption pattern and trends, it has been attempted 
to establish a structural relationship between the trend 
of indices of power sold for industrial use and that of 
indices of productive capital employed in the power 
consuming industries. Mention may be made that the 
index of productive capital employed in the industries 
has been taken as the single determinant indicating 
the progress of industrialisation. With comparison 


By D. C. DATTA 


As it is seen from the table, the share of power sale 
for industrial use in Bihar has gone up from 74.2 per 
cent in 1952 to 84.3 per cent in 1956, whereas the share 
of the domestic sector has decreased during the corres- 
ponding period. The shares of the remaining two 
groups, namely, commercial and ‘other’ have also 
fallen down. During the First Five-Year Plan period, 
with the increase in power production much higher 
proportion of the increased production was utilised to 
cater the needs for industrial production. In West 
Bengal also the share of industrial sector has gone 
up by nearly two per cent in 1956 over that in 1952. 
In general as more power is generated its share for 
industrial use has more than proportionately increased 


Table 1 


Percentage distribution of electric power slae by consumer group for the years 1952 to 1958 separately in 
Bihar & West Bengal 








1952 1953 1954 1955 1946 

Consumer Group Bihar W.B. Bihar W.B. Bihar W.B. Bihar W.B.° Bihar W,B. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) = (11) 
1. Domestic 12.1 16.8 10.9 16.8 10.9 16.1 8.6 15.3 7.8 14.4 
2. Commercial 5.9 3.9 5.3 4.2 4.9 4.7 5.3 4.7 3.8 4.5 
3. Industrial 74.2 71.6 78.2 71.0 77.8 70.8 81.1 72.2 84.3 73.7 
4. Other 7.8 | 5.6 8.0 6.4 8.4 5.0 7.8 4.1 7.4 
5. Total :— 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Total sale in Million 
kWh. 133.4 1146.0 163.7 1225.4 188.7 1337.9 269.2 1530.5 354.1 1753.8 





in view, two regions, namely, the states of Bihar and 
West Bengal have been taken up for the study. 


Power Consumption Pattern 

The consumption patterns of power from public 
utility concerns for the years 1952 to 1956 in Bihar 
and West Bengal separately have been shown in 
Table (1) below. The sale figures are expressed as per- 
centages of the total sale. According to the purpose for 
which power is used, the consumers have been classi- 
fied into four categories, namely, (i) domestic, (i) 
commercial, (iii) industrial and (iv) other. The cate- 
gory ‘other’ includes public lighting, traction, irriga- 
tion, public water works and sewage pumping. 


and the power-generating industry has been develop- 
ed during the period primarily to meet the power 
requirments of the growing industries of the States. 


Expansion of power-generating industry being an 
integral part of industrial development, the rate of 
expansion of the former will depend on the latter. In 
the preparation of a balanced programme of indus- 
trialisation such inter-industry relationship will be 
of great advantage so that development in one sector 
of economy can keep pace with that in the other 
sectors. In this particular case a structural relation- 
ship between the indices of industrial development 
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and sale of power to the industries will throw light 
on the future market demand of power when the extent 
of industrial development is programmed ahead. 
This will enable the authorities to take action for 
developing the power-generating industry according- 
ly so that the planned progress of industrialisation 
is not hampered at any stage due to shortage of 
power 


Sale-Trend of Power 

Before taking up the problem of establishment 
of above noted structural relationship, it will be inter- 
esting to see the sale-trend of power from public 
utility concerns for industrial use during the period 
from 1947 to 1956. For a country on the road to 
industrial progress, time is a factor influencing the 
extent of industrial expansion and so as well the sale- 
trend of power. Table 2 shows the indices of power 
sale for industrial use from public utility concerns 
with 1951 as base year for each of the ten years 
from 1947 to 1956 for Bihar. West Bengal and the 
region Bihar and West Bengal. 


Table 2 
Indices of Electric Power Sale 








Year Bihar West Bengal (Base 1951) 

Bihar & West 
Bengal 

_ (1) (2) (3) (4) 
1947 68.59 70.76 70.53 
1948 81.10 82.25 82.13 
1949 85.47 82.86 83.14 
1950 100.33 85.09 86.72 
1951 100.00 100.00 100.00 
1952 112.62 112.04 112.10 
1953 145.68 118.79 121.69 
1954 167.11 129.35 133.39 
1955 248.58 150.86 161.33 
1956 340.05 176.39 ‘193.93 








Despite the differences in the total sale figures 
between the States of Bihar and West Bengal. the 
broad agreement between the corresponding trend 
equations fitted to the data is interesting. By project- 
ing the observed trends an assessment of power 
requirement in a year after 1956 can be obtained. 
But such an assessment has the limitation that it 
does not take into account the extent of industrial 


Groph (G1); 
Trend of Power Sole 


~ 
3 © 


> 
3 


x 
9 


Loganrither of Gudea? Fouser, dale (Y)—> 


3 








The trend equations fitted to the data are:— 

Bihar log, =.752+-.300t 
West Bengal log, =.783+ .276t 
Bihat & West Bengal log, =.782+-.279t 


where y is the index of power sale and t is the 
number of years elapsed since 1947. 

The equations are represented in the following 
Graph (G-1). 
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development likely to occur in future which is the basic 
factor influencing the industrial demand for power. 
In a laissez faire economy in which the pattern of 
economic development is not regulated, the projec- 
tion of trend will perhaps be more justified in estimating 
future power demand. But when the pattern of econo- 
mic development is planned ahead estimates from 
projections of trend will not be reasonably correct. 
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Relation Between Trends of Indices of Power Sale and 
Productive Capital 

In a planned economy, the industrial development 

of a region will depend upon the productive capital to 

be employed for the growth of industries and as 

such the indices of productive capital employed for 


high contribution to the total productive capital 
employed in the respective industrial sector of the 
state economics which leads to a view that the basis 
is reasonable. 

The correlation between the trends of the indices of 
productive capital employed (x) and of power sale (y) 

















Table 3 
Indices of Productive Capital and Electric Power Sale 

(base 1951) 
Bihar West Bengal Bihar and West Bengal 

Index of Index of Index of 
Year Productive Power sale Productive Power sale Porductive Power sale 

capital capital capital 
(1) (2) (3)_ (4 (5) (6) (7) 

1947 59.15 68.59 65.21 70.76 63.33 70.53 
1948 65.93 81.10 78.46 82.25 74.58 82.13 
1949 70.55 85.47 79.87 82.86 76.98 83.14 
1950 87.83 100.33 92.70 85.09 91.19 86.72 
1951 100.00 100.00 100.00 1¢0.0 100.00 100.00 
1952 127.06 112.62 96.56 112.04 106.02 112.10 
1953 131.01 145.68 10.87 118.79 110.21 121.69 
1954 130.86 167.11 1°4.60 129.35 112.74 133.39 
1955 145.72* 248.58 116.08* 150.86 125.74* 161.33 
1956 162.25* 340.05 129.26* 176.39 139.49* 193.93 


*Provisional. 





successive years will reveal the trend of industrialisa- 
tion. The indices of productive capital employed by 
the reporting factories of the twenty-nine selected 
major industries using power and employing twenty 
er more workers with 1951 as base year are shown in 
columns (2), (4) and (6) of the following Table 3. 


Even though the coverage is limited, this group has 


and the corresponding regression equation fitted to 
the data for Bihar, West Bengal and the region Bihar 
and West Bengal are given as follows: 
Bihar = —77.36+2.06x (r=0.86) 
West Bengal y= —54.74+1.72x (r=0.95) 
Bihar & West Bengal y= —42.55+1.57x (r=0.95) 
The equation are also shown in the Graph (G-2). 
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Since the values of correlation coefficients are high, 
the degree of precision on estimating the index of 
power sale from the index of productive capital em- 
ployed seems to be of high order. The regression 
equations agree broadly inspite of the fact that the 
two states differ widely in respect of type and size of 
industries. For the region Bihar and West Bengal 
such differences in the pattern of industrial set up 
appear to have largely processed out. The regional 
pattern of the industries has influenced the relation- 
ship to an extent as seen from the equations. The 
high value of regression coefficient for Bihar as com- 
pared to that for West Bengal is an indication that 
from the view point of capital employed an average 
power consuming reporting factory of Bihar Consume 
more power from the market. It has to be em- 
phasized again that the factories covered here very 
widely in type and size and as such in the amount of 
capital employed and consumption of electricity. 
They include such power intensive industry as alumi- 
nium and industries in which very little power is 
utilised in the production process. However, if the 
productive capital to be employed in the factories at a 


[Continued from page 16 
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future date is planned ahead, the assessments of 
power requirement can be made with the help of the 
equation given above. 


Here only sale for industrial use has been considered. 
The total productive capital in the factories will 
indicate the power need from the mathematical 
relationship established above. The above equations 
will be applicable provided there are no major shifts 
in the prices of capital goods and in the industrial 
pattern of the region. 


Economic planning envisages the setting of targets 
of major economic indicators—the index of industrial 
development being one of them. A knowledge about 
the existing relationship between the indicators in a 
necessary criterion for reorientation of the economy 
towards the desired goal. The future consumption 
pattern of power can thus be used as a pre-determined 
economic frame which ultimately will help us in esti- 
mating the total need of power from the assessment 
made for industrial use. 





Capital Intensity in Heavy Engineering Construction 


a better rate of utilization can be achieved and prob- 
lems of repair and maintenance considerably simpli- 
fied.33 The design andadapatation of equipment raise a 
number of technological problems which are outside the 
scope of this article; it might be suggested, however, 
that governments, in collaboration with technological 
institutes, contractors and equipment producers, 
take a continuous interest in the study of these 





33 These conclusions substantially agree with the results of a 
study made by the Indian Government Committee referred to 
above in connexion with the planning of construction in river 
valley projects. On the basis of its study of experience in the field, 
the Committee has made various recommendations, some concerned 
with proper choice of equipment. It recommended in particular 
that an effort be made to concentrate on the use of a limited number 
of standard pieces of equipment, which should offer a high degree 
of flexibility of operation. This would simplify the problem of 
training operating personnel and also ease the maintenance and 


problems. Their importance form the point of view 
-of efficient utilization of scarce capital resources need 
hardly be stressed at this point. There is, in this 
connexion, also need for developing in under- 
developed countries a better awareness of the importance 
of proper attention to repair and maintenance of equip- 
ment, neglect of which represents another major 
source of waste of capital resources. 


Finally, there appears to be urgent need for accurate 
and comprehensive cost records in constretion projects 
now under way or planned, in order to furnish 
reliable data for the purpose of providing a statistical 
basis for further research along the suggested lines. 
It may be assumed that in many instances where 
minimum cost considerations of a conventional nature 
have been a decisive factor in determining the choice 
of techniques, a better understanding of the factors 


repair situation in regard to spare parts inventories and training of underlying the real cost situation would have perhaps 


repair personnel. 


[Continued from page 28 


led to different conclusions. 


Application of Cable Cranes in Water Construction Schemes 


box is connected with the transmitter by a protected 
cable. As already mentioned wireless control is used 
at a reduced speed. It operates by means of relays 
which close the contactors for the individual move- 
ments of the load. Thus the impulses are sent out, 
from a push button box in which are mounted two, 
and two push buttons for the individual movements 





(a total of 6) and a further push button for 
signalling. 


The cable cranes supplied for the Orlik cons- 


truction scheme belong, by their parameters and 
concept of design, among the largest of similar types 
built up to now. At present they belong among the 
largest and most interesting works of the Czechoslovak 
industry. 


Hydro-Electric Power Station for Kashmir 


Electricity is a must for all industrial progress. 
No matter how small, a nation can ill afford to ignore 
this life-giving force, so essential to the building up of 
a powerful economic potential. With the installation of 
four new electric turbines this autumn, Kashmir 
State shall mark a new milestone on the path of pro- 
gress and prosperity. 


Moharra Power Station was the main source of 
electric supply to the State till recently. The power 
house was built in 1904-07 with the purpose of supply- 
ing power for dredging the outfall of river Jhelum 
below Wullar lake. Four units of 1000 kWs 
each were installed and the power house was built 
for extension of another four units. This to be sure 
was quite meagre to meet the demands of a fast 
changing economy. Besides, in the 1947 invasion of 
Kashmir, part of the Moharra Power House was 
destroyed and the generating capacity fell down to 
2,500 kW, thereby creating a crisis in an already 
depleted supply. 


But, with the change in political climate ever since 
things have changed beyond recognition. With the 
successful completion of two Five Year Plans, and 
the third well underway, demand for electric power has 
grown steadily and search for cheap sources of in- 
dustrial power has been going on in right earnest. 


There are no coal mines in Kashmir. To import 
coal from across the mountainous terrain by road 
transport made its price prohibitive for industrial 
purposes. Coal as a source of cheap power as such 
was out of question. Kashmir, with its waterfalls and 
riverines was ideal for generating cheap electrical 
power and so another power station was set up at 
Ganderbal to augment the supplies. 


The Hydro-Generator being checked up before 
delivery, in the Gauz factory at Budapest. 





To meet the challenge of the times the State launched 
its much lauded Sindh Valley Hydro-electric project, 
in 1949. The project was completed in the year 1955. 
The power from its two turbines, with a generating 
capacity of 6,000 kW., is being utilised for running 
lift irrigations all over the State, notable among them 
being Hakbara and Mera Gund. 


Apart from electrifying Anantnag, the second big 
town in Kashmir (also some of the villages) the power 
is being supplied to a factory for the manufacture of 
glazed tiles, and for running rice mils and other small 
scale industries. 





Sind Hydro-Electric Project (Kashmir) 
A view of the Power House. 


However, with the rising tempo of industrialisation, 
the need for more power has been growing unabated. 
Acute need is being felt at the moment for more 
power, 


In autumn, 1956, the Kashmir Government issued 
tender for the extension of two already existing 
and working Hydroelectric Power Stations to meet 
the needs of the new economy. Out. of these, the two 
turbines of Moharra Power Station are obsolete and 
unable to comply with the requirements of the modern 
technique. 


The aim of the tender was extension of Power 
Station at Ganderbal by means of putting into 
operation two new units as well as to replace the old 
turbines at Moharra by two new units, and thereby 
meet the challenge of New Kashmir. 


Agreement was reached and orders placed with the 
famous hundred-year old Hungarian Ganz factory. 


[Continued on page 34 
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The Place of New Friendships Between 
Customers and Producers of the Five Continents 


INTERNATIONAL TRADE FAIR - BRNO, CZECHOSLOVAKIA 


6th—20th September, 1959 


Total area of exhibition grounds: 520,000 sq. metres 
Covered area : 65,0CO sq. metres 


For 2,000,000 visitors 
Products of the engineering and metallurgical industries, 


raw materials, semi-manufactures and engineering consumer 
goods are displayed by exhibitors from all parts of the world. 








BRNO1959 


























Application of 


Cable Cranes in Water Construction Schemes 





A great variety of handling equipment has been 
tested for the job of depositing concrete mixtures in 
the construction of dams. Their selection was in- 
fluenced more or less by the character of the arrange- 
ment and by the layout of the water structure or 
even by the kind of concrete mixture. For greater 
heights of dams and lengths of crowns upto 600 
metres (2000 feet) as well as for a lower mobility of 
the concrete mixture, cable cranes have proved to be 
the best suitable handling equipment from the points 
of view both of the capacities required and of economi- 
cal and reliable operation. The use of large spans of 
cable cranes is. governed by the conditions of rather 
steep banks of the streams into which their towers 
are built. By these towers the necessary height above 
the site is gained which is lost by the sag of the cable 
on which the crab carrying the container with the 
container with the concrete mixture travels. The 
sag of the carrying cable is chosen as follows: 


y =(0.04—0. 0.05). Q 
where Q=the span of the crane between supports. 


This permits the towers carrying the cables to be 
chosen as low as possible which reduces the first cost of 
the construction of the crane to a minimum. Since 
dams of greater heights and heads are mostly built 
between steep banks rising above the crest of the dam 
even this condition for the selection of cable cranes is 
fulfilled (Fig. 1.) It is therefore not surprising that 
cable cranes are generally used for the construction 


By VACLAV NEVRLY 


of dams of the character mentioned above, of smaller 
size as well with a bulk of concrete masonry of several 
million cubic metres. 


Choice of Size and Kind of Cable Cranes 

The carrying capacities of cable cranes have been 
generally stabilized and range from 1.5 to 20 tons. 
The useful weight of the contents of the container, 
i.e. the weight of the concrete mixture handled, can 
be calculated by the weight of the empty container 
being deducted. This has been done in the table. The 
bulk density of the concrete mixture is assumed to be 


y=2.2 tons per cu.metre. 


V=Q—Ptons)....... 06% 1 
V=U—y(tons)......... 2 
Vitoma). «0. useful weight of contents of container 
Q(tons)...... carrying capacity of crane on hook 
P(tons)...... weight of empty container 
U(cu. metre )...... useful capacity of container 


y (tons per cu. metre)bulk density of concerete mixture 


The dependence of the size of the container on the 
carrying capacity of the cable crane and on the quan- 
tity of the concrete mixture which has to be deposited 
in the dam can be found approximately from the 
table below. 


Fig. 1. View of steep bank of Orlik water construction scheme. 
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Table 





Quantity of Capacity of Capacity of Weight of 





Concrete in Container Cable Crane Empty 
Dam. U Q Container 

thousands of 

of cu. metres cu. metres tons tons 

0-25 1.25 3.2 0.4 

25-50 1.23-1.8 3.2-5 0.4-0.9 
50-100 1.25-1.8-2.5 3.2-5-8 0.4-0.9-1.3 
100-200 1.8-2.5-3.2 5-8-10 0.9-1.3-2.4 
200-400 2.5-3.2-5 8-10-16 1.3-2.4-3.1 
400-800 3.2-5-6.3 10-16-20 2.4-3.1-3.9 
800-1600 5-6.3 26-20 3.1-3.9 

1600-3200 6.3 20 3.9 





The output per year of one crane can be determined 
from the following equation: 


N= — (m3/year).......esee. 3 
§ vccucceces number of round trips of the container 
per hour 
U (cu. metres). capacity of container 
TE hos winds number of working hours per year 
Bins. cntkiaea irregularity factor of operation 


As a practical number of round trips of the container 
per hour one may reckon, for smaller cranes, with i=10 
for large cranes with the highest speeds with i=15. 
The usual number of working hours per year is H =4000, 
the irregularity factor of operation f=2. 


By substitution into equation 3 the following is 
obtained: 


For smaller cranes N = 20000xU .... 
per year 


cu.metres 


For larger cranes N=30000xU .... 
year 


cu. metres per 


The number of cranes for the concrete work proper 
can then be essily determined if the period is known 
within which the work is to materialize, same as the 
period of construction can be found for a definite 
number of cranes of a given capacity. 


Examples: 1.0 million cubic metres of concrete 
mixture are to be deposited into a dam. 


Let us choose a cane of a capacity of 20 tons with 
a 6.3 cu. metre capacity of container. 


The annual capcity of one crane is 
N=30000 x 6.3 =189000 cu. metres 


When two cranes are used the concrete work can be 
carried out in 2 3/4 years. This period includes the 
auxiliary work carried out by the cable cranes. 


Note. The procedure for the choice of the capacity 
and number of cranes serves only for guidance, for 
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normal conditions, irrespective of the type of dam, 
size of blocks and climatic conditions such as severe 
frost or seasonal rains. 


The choice of the design of the crane, its span and 
the height of towers are governed by the character 
of the surrounding ground, the arrangement of the 
structure and the location of the concrete batching 
plant as well as by the condition of usability of the 
cranes for subsequent construction schemes. 


In this respect the chief responsibility for 
choice of the most suitable type of crane lies with the 
designer of the construction site equipment.or with 
the experience of the supplying works. In general, 
however, the individual types of cable cranes can be 
classified from the point of view of their application. 


Cranes with fixed towers (Fig. 2) are suitable for 
small construction jobs of dams, weir and even 
bridges the width of which is inconsiderable. For 
such cranes with a fairly low capacity, up to 8 tons, 
are adequate. Cranes with one fixed tower and one 
tower moving in a circle (Fig. 2) are more satisfactory 
for various conditions. They are used to advantage 
in particular in cases where the conditions on one side 
of the site are unfavourable for the laying of a track 
for a tower. Finally, cranes with towers moving on 
parallel tracks (Fig. 2) can be used to advantage 
wherever both banks offer good bases for the tracks. 
The tracks of these cranes are short and several cranes 
can be placed on them. 


Technical Standard of Cable Cranes of Czechoslovak 
Manufacture 

The engineering industry of Czechoslovakia supplies, 
through the company of Strojexport, Prague, cable 
cranes of all sizes and arrangements. Particuarly 
typified cranes for medium size water construction 
schemes have found the widest application (Fig. 3). 
Apart from these cranes manufactured in large num- 
bers three special cranes of the most modern design 
with parallel trevel, of a capacity “of 20 tons and a 
span of 695 metres (2280’) have been supplied for the 
biggest Czechoslovak water construction scheme, Orlik. 


To ensure that the period of construction of this 
outstanding structure would be the shortest possible 
the highest speeds and easy operation had to be chosen. 
At the same time the requirment of simultaneous 
handling of the concrete mixture for the same block 
by several cranes and the utilization of all the cranes 
for the longest possible period considerably complica- 
ted*their arrangement. 


Specification of Cranes 


Capacity 20 tons 
Capacity of containers 6.5 cu. metres 
Span 695 metres 
Hoist 120 metres 


Hoisting speed 

Travelling speed of crab 
Travelling speed of towers 
Output of hoist motors 
Output of motors for travel of 


130 metres per min. 

560 metres per min. 
6 metres per min, 
2255 kW 


crab 2255 kW 
Output of motors for travel of 
towers 2x66 kW 

































































Fig. 2. Diagram of main types of cable cranes. 
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Fig. 3. Three cranes of 5.0 tons capacity travelling 
parallel. 


Ourput of motors for tightening 
of carrying cables 
Output of motors of rubber cable 


2x.12 kW 


winding equipment 22.5 kW 
Output of driving motor of 

Ward-Leonard set 850 kW 
Output of d.c.generators 2x 550 kW 
Total weight of one crane 1200 tons 


All three 20-ton cranes travel on common tracks 
built on the banks of the Vitava river. On the left 
bank, above the continuously operating concrete 
batching plant of a capity of 3100 cu metres per 
hour, the countertowers are travelling, while on the 
right bank, on a track situated at a lower level, the 
engine towers are operating. The containers of the 
crabs cranes are permanently suspended from the 
crabs of the cranes and charged by means of silobuses 
travelling between the concrete batching plant and 
the cranes (Fig. 4). This method of conveying the 
concrete mixture between the concrete batching 
plant proper and the cranes is most perfect as regards 
efficiency of the concrete workers. From the point 
of view of concrete technology this method is less 
favourable than the unhooking of the containers 
from the cranes and their direct charging in the 
concrete batching plant, The reason is that, as the 
containers are charged from the silo-buses, a further 
undesirable separation of a part of the mixture takes 
place. The placipg of the containers against a wall 
under the ramp on which the silo houses travel is also 
easier than the placing of them on undercarriages. 
The containers must be protected from damage by 
pneumatic tyres hung on the wall of the ramp. Also 
the air tanks for the pneumatic operation of the 
constainers are recharged from time to time from the 
ramp. 


Thus ideal conditions have been prepared, from the 
point of view of the design of the cranes and the handl- 


ing of the concrete, for economical operation with 
the highest possible output. 


Since the output of concrete work is greatly influenc- 
ed by the mobility of the concrete mixture this fact 
was taken into consideration in the design of the con- 
tainers and the maximum possible slant of their 
walls was chosen as well as large discharge holes. It 
is generally known that the mobility of a concrete 
mixture, with a given composition of stone admixture 
and a given proportion of water, is influenced by the 
quantity of cement and the properties of the stone 
admixtures. An economical quantity of cement at 
a desired strength of concrete results in a reduced 
quantity of water and thus also in a worse mobility 
of the concrete mixture. The mixture is more. difficult 
to discharge from the containers and to work into the 
block. For big water construction schemes the follow- 
ing compositions are used 


For inside parts of the dam: 


f= 0.55 to 0.56, cement 180 to 200 kg/m° 
size of stone admixtures up to 150 mm. 
For outside parts of the dam: 
oe —0.50 to 0.60, cement 220 to 250 kg/m? 
size of stone admixtures up to 50 mm 


V=quantity of water C=quantity of cement 


It is of advantage to operate containers for the 
handling of concrete mixture of capacities exceeding 


Fig. 4. Charging of container of 6.5 cu. metres 
capacity from silo-bus. 
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3 cu. metres by compressed air. To avoid the necessity 
of an expensive compressed air distribution system 
over the site the container carries the required quan- 
tity of air in tanks fitted at suitable points. The 
containers supplied for the Orlik water construction 
scheme are divided by a partition into two halves 
3.25 cu. metres each and each half is equipped with 
its own independent shutter. By the successive 
discharge of the container the vibration of the system 
of carrying ropes is reduced and also easier working 
of the mixture into the blocks of the dam is achieved. 


A great majority of the equipment of the crane is 
centralized in the engine tower (Fig. 5) and all the 
cables are anchored in the front wall. The tower, which 
has a rectangular plan, has several floors in which are 
accomodated :the driver of the tower, the cable 
guides for the winches, the engine room proper with 
the cable winches and finally the electric machinery 
room which contains the Ward-Leonard set and the 
electric switchboards. On the rear wall of the engine 
tower a winch is mounted for a rubber cable by which 
6 kV three phase electric power is supplied. 





Fig. 5. Engine tower of cable crane of 20 tons capacity. 


On the end of a 25 metre boom the control cabin is 
fitted, made of light metal and well insulated against 
extreme differences of temperature. The control 
cabin is equipped, apart from the control switchgear 
which will be dealt with in the chapter on the electrical 
equipment, with defrosters and window wipers, 
ventilation sand heating equipment, an electric 
wind indicator and furniture for the comfort of the 
crane operator. 


The base of the tower is formed by a massive under- 
carriage of welded full wall girders mounted on 4 
vertical and 2 horizontal bogies with a total number 
of 48 travelling wheels. The tracks are formed by 3 
pairs of rails mounted on supports mads of 280/20 
mm plates. They are 130 metres long. The concrete 
foundation in which the rails are anchored extends 
partly above the ground so that a concrete frame 
structure had to be built on the crane track. The 
crane tracks are terminated by concrete buffers with 
rubber dampers. Also anchored in the concrete 
structure of the buffers, by means of tensioning 


screws and check springs, are three roller chains (280 
mm pitch, 85 mm width, 90 mm diameter) serving 
for the travel of the tower. The roller chain passes 
over loosely mounted deflecting sprockets to the 
driving sprocket. The drive of the chain is mounted 
on the bottom undercarriage of the steel structure 
of the tower. The concept of the drive of the tower 
by means of chains lying loose on the crane track has 
a number of advantages compared to adhesion 
drives. Above all it eliminates any slipping of the 
wheels and secures the crane, safely and automatically 
against displacement in the event of a disastrous 
wind. 


The counter-towers (Fig. 6) are considerably sim- 
pler than the engine towers. The arrangement of the 
chassis and bogies, the drive of the tower and the 
winding equipment of the electric cable are similar 
to those on the engine tower. The carrying cables on 
these towers are tightened by 16 pulley blocks with 
electric winches. There is one pulley block and one 
winch per pair of cables. Two winches together with 
the appropriate switchboards are mounted in a 
covered space. 





Fig. 6. Counter-tower of cable crane of 20 tons capacity. 


The counter-tower is supplied with electric power 
by means of cables of the same size as the engine 
towers, although for 3380 volts from a separate 
transformer station erected on the left bank of the 
dam under construction. The equipment of the 
cranes is supplemented by various types of tackle 
for the handling of pipes and a whipple-tree for 
tandom operation of two cranes permitting pieces 
up to a weight of 40 tons to be handled. 


To ensure economy and safety of operation consis- 
tent with the attainment of maximum outputs a 
number of unusual designs of the electrical equipment 
was used. 


These are, in particular, d.c. electric motors for 
the travel and hoist in a Ward-Leonard connection 
permitting a perfect infinite speed variation. By 
this arrangement of the speed control an excessive 
dynamic loading, of the cranes has been avoided. 
This applies particularly to the engine towers 





which are in immediate contact with the working 
cables. The travelling and hoisting speeds can be 
further reduced to 20% and even to 5% by means 
of changeover switches in the control cabin. Thus 
also the requirments of precision manipulation at 
the site for depositing the concrete mixture are 
satisfied and the claims arising from the erection 
of heavy parts for the power plant are met. 


An important step forward was made and a num- 
ber of difficulties removed by communication as well 
as control of all movements of the crane from the 
site by wireless. Wireless control is used at reduced 
speeds (20°) and permits exact manipulation parti- 
eularly when visibility is poor. The wireless communi- 
cation system also obviated the use of the telephone 
the connecting line of which is easily vulnerable and 
causes obstruction at the site. Special attention was 
devoted to the indication of the movement. The 
coarse position is shown by luminous point which is 
projected on a ground glass fitted in the from of the 
eontrol cabin. Two round dial indicators indicate 
the fine and coarse position respectively of the crab 
and the load in metres. Both methods are based on a 
system of selsyn units. The movement of the selsyn 
transmitters is obtained from the rotating drums of 
the travel and hoist cable winches through the ap- 
propriate gears. The simultaneous travel of both 
towers is likewise ensured by means of a system of 
selsyn units. The selsyn transmitters are mechani- 
cally coupled with the drives of the travel mechanism 
of the towers and electrically connected to a common 
contact differential selsyn receiver in the crane opera- 
tor’s cabin. 


As already mentioned the crane is controlled from a 
cabin on a boom (Fig. 7). The cabin contains a desk 
at which the crane-operator is seated. Two levers 
serve for the control of the travel of the crab and of 
the hoist. Two pedal switches control the two direct- 
sors of travel of the entire crane. 





Fig. 7. Control Cabin. 


In front of the crane operator the ground glass is 
mounted providing a coarse indication of the position 
of the concrete container, three round dial indicators 
imdicate the exact positions of the loads and ‘the 
erab and the mutual positions of the engine tower and 
the counter-tower. The group of instruments under- 
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neath the ground glass is supplemented by an electric 
wind indicator, speed indicators and ammeters of the 
travel and hoist motors. The cabin further contains a 
wireless set, a signalling cabinet for an indication of the 
condition of the electrical equipment, a switching 
station and a telephone for communication with the 
electric machinery room and the winch room. 


When, the requisite position having been reached, 
both control levers are swivelled inward to their 
centre position toward each other the control of the 
entire crane is switched over to wireless control from 
the site (concreting of blocks). When they are swivelled 
crosswise outward the control of the crane is switched 
over to the concrete batching plant where the contain- 
ers are charged. When the operation is completed 
the operator at the site returns the control to the 
chief crane operator by a signal or by wireless tele- 
phone. The crane operator cuts out the remote con- 
control and assumes control from the cabin by re- 
turning the levers to their normal position. An im- 
portant feature is that the crane operator in the crane 
cabin is always master of the situation, for he can 
always cut out the remote control by returning the 
control levers to their normal position. 


In the control cabin on the boom the main trans- 
mitting station is set up, connected to alternating 
current. The portable sets consist of a transmitting 
and receving set properr, and aerial, headphones 
with a microphone and a control box (Fig. 8). The 


Fig. 8. Shor(-wave transmitting equipment 
for control of 20-ton cable crane. 


x -————— EE a = 
a , 
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Technical Notes & News 


The Felici Electrostatic Generator 


This is a new type of small 
electrostatic generator complete 
with all the equipment and moun- 
ted on a trailor recently developed. 
Until recently two major types of 
high voltage generators have been 
in use viz. the Van der Graaff 
and the Cockroft Walton—work- 
ing in the range 50 kV to several 
hundred MV. The new type now 
described was designed by Prof. 
Felici of Grenoble (France) 
Universty and has some 
advantages in the range 
of 50 KV to 1 MV. By using a 
rigid rotating cylinder, higher 
fields are <:btained and _ higher 
current output of about 15 MA 
at 15 kV or 6 to 8 MA at 1.2 MV. 
In one type the driving motor 
is of 5 HP 2800 r.p.m. 3 phase 
220/380 volts 50 cycles. The equip- 
ment is hermetically sealed and 
pressurised at 25 atmosphere, in 
pure hydrogen. 


By using a relatively thick sta- 
tor made of slightly conducting 
material, local concentrations of 
electric field are avoided. The 
electric charges are sprayed on 
to the rotor at the charging 
poles and then carried by the ro- 
tor in a_ tangential electrical 
field, during which the potential 
of the charge increases. After 
moving a distance corresponding 
to half a pole pitch the charges 
are removed from the rotor by 
the output ionisers and _ then 
flow into the external circuit. 


The useful charge density of a 
commercial type of machine is 
about 60 esu and the maximum 
peripheral speed is about 45 
metres per second. Within these 
limitations currents of about 0.17 
MA per em of rotor length can 
be ob tained. Peripheral speeds of 
up to 70 metres/sec with charge 
densities of 90 esu may also be 
obtained. The efficiency of the 
Felici machine with 2, 4,6 or 8 
poles is very high. It is over 90% 
for outputs above 100 kV, and 


85% below 100 kW. The electro- 
static generator supplies a cons- 
tant current with constant excita- 
tion. To obtain a _ constant 
voltage output a vo'tage regula- 
ting device is used. A fixed 
fraction of the high voltage V is 
compared with the reference vol- 
tage E(100V) from a battery or a 
stabiliser. The difference of poten- 
tial is then applied to the auxiliary 
generator, the output voltage of 
which (E) is a function of the 
difference in voltage. This feed- 
back from the output voltages to 
the excitation volatge results in 
the desired load current chara- 
terist'cs for the main generator. 
The output of the auxiliary genera- 
tor is controlled by an electronic 
valve circuit, and it can either 
excite the main generator directly 
or through another small auxiliary 
electrostatic generator which then 
serves both asa voltage multiplier 
and as an amplifier of voltage 
characteristics. This gives a 
voltage stability of over 1° and 
may give a stability accuracy 
of 1 in 105. 


This high degree of stability is 
particularly useful when testing 


alternator windings and high vol- 
tage cables where fluctuations of 
voltage would give rise to unwan- 
ted capacity currents. The other 
advantages are (1) absence of 
large smoothing condensers which 
might be dangerous as well as 
inconvenient, (2) the elimination 
of large overload currents even 
in the case of short circuit (3) 
constancy of current with an 
extremely small alternating com- 
ponent, (4) easy stabilisation of 
the full load voltage (5) lightness 
and compactness of the genera- 
tor in proportion to the power and 
voltage output. The range can 
be from 40 kV to 1.2 MV and 
currents of 30 MA to 15 MA or 
even 40 MA. 


The equipment can be used for 
X-ray metallography and _ for 
charging condenser banks for 
thermo-nuclear work. The n2wv 
models are in the range of 140 kV — 
14 MA, 125 kV—30 MA, 300 kV 
—40MA. The standard equipment 
weighs less than 2 tons and the 
dimensions are 2’ 4” diameter and 
8’ 10” high. There is a very good 
possibility for using these machi- 
nes for other important applica- 
tions. 


(Dr.) B. K Prasap 


Progress in Power Equipments 
Manufacture 


The following is the broad 
progress so far achieved in India 
in the machine-manufacturing in- 
dustry, relating to power genera- 
tion : 


Electric transformers: Produc- 
tion during 1958 was of the order 
of 1,130,000 kVA valued at ap- 
proximately Rs. 7 crores. At pre- 
sent, there are 14 manufacturing 
units with a total installed capa- 
city of 934,000 kVA a_ year. 
Schemes for a total capacity of 
907,000 kVA have been licensed 
for expansion and for the estab- 
lishment of new units. A further 


capacity of 100,000 kVA has been 
approved for the grant of licen- 
ces for expansion. The Develop- 
ment Council for the Heavy 
Electrical Industry has fixed a 
target of 1.5 million kVAa year 
by 1960-61. To realise this target, 
the Council has su tested a capa- 
city of 2.2 million kVA should be 
license‘l. 


Electric motors: At present, there 
are 21 firms with an aggregate 
capacity of 614,200 horse power a 
year. In addition, a further capa- 
city of 680,000 and in new units. 
A capacity of the order of 70,900 
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The Union Minister for Irrigation and Power, Hafiz Mohammed Ibrahim, addressing a meeting of the Central 
Flood Control Board at Vigyan Bhavan in New Delhi. The meeting was attended, among others, by Chief 
Ministers or State Ministers of various States. 


horsepower has 
for the grant of licences. The 
target fixed for electric motors 
by the Development Council for 
the Heavy Electrical Industry 
for 1960-61 is 800,000 horse power 
to one million horsepower a 
year. To achieve this production, 
the Council has suggested that a 
capacity of 1.25 million horse 
power should become available. 


been approved 


Diesel engines: With the im- 
plementation of various schemes 
already approved, the needs of 
the country, for both industrial 
and agricultural operations, can 
be met from indigenous sources. 


Power-driven pumps: Produc- 
tion in 1958 was 75,000, «ompared 
with the target of 86,000 a year 
to be achieved by 1960-61. The 
largest size so far manufactured 
is one of 24 feet x 24 ins. requiring 
approximately 250 horse power. 
Proposals for the manufacture 
of new types of pumps such as 
submersible, axle flow and high- 
pressure multi-stage pumps and 
pumps for chemical duties are 


under the consideration 
Government. 


of the 


Industrial boilers: The present 
requirment of boilers is very 
heavy, and at present imports of 
boilers, parts and _ accessories 
range from Rs. 7 crores to Rs. 8 
crores a year. The requirments 
will increase with the new ther- 
mal power projects. A wide range 
of boilers are produced by Tex- 
maco, Calcutta-Lancashire, Cor- 


nish, Economicand Vertical brands. 


This firm has also been licensed 
to undertake the manufacture 
of water tube boilers to the extent 
of 25 a year of a value of Rs. 1 
crore. Three other schemes have 
been approved—the manufacture 
of vertical boilers by Larsen and 
Toubro, Bombay, the manufacture 
of water tube boilers by the 
Associated Cement-Vickers-Bab- 
cock combine, and the manufac- 
ture of sectional header water 
tube boilers by Walchandnagar 
Industries. Even when all these 
projects are inplemented, the 
capacity in the country will only 
be Rs. 5.24 crores a year. 


Australia’s Biggest Steam Turbine 


The contract for building Austra- 
lia’s first 200,000 kilowatt steam 
turboalternators has been awarded 
to the English Electric Company 
Limited. 

The turbo-alternators. will be 
installed at a new power station, 
situated 70 miles north of Sydney, 
and when complete, it will be 


the largest in the southern hemis- 
phere with a capacity of 1,500,000 
kilowatts. 


The 200,000 kilowatt, 3,000 
r.p.m., steam turbine is of -the 
three-cylinder design arranged 


in line and having a double casing 
impluse type high-pressure cylin- 
der. Steam enters the turbine 


stop valve at 2,350 p.s.i.g., 1,050 
deg. Fah. From the H.P. cylinder 
it is taken to the reheater and 
returned to the I.P. cylinder at 
455 p.s.i.g. and 1,000 deg. Fah. 


The I.P. cylinder is combined 
with one section of the three-flow 
low-pressure cylinder. The three- 
flow low-pressure cylinder exhausts 
to single shell condenser, the 
vacum at the most economical 
and continuous maximum rating 
being 28.4” Hg. (Bar 30 in.) 

There is a six-stage feed water 
system giving a maximum tem- 
perature of 460 deg. Fah. at C.- 
M.R. Feed water deaeration is 
supplied with provision for off- 
load. deaeration. The feed heating 
and condensing plants will be 
manufactured in Australia. 


The alternator is of the hy- 
drogen cooled design employing 
direct cooling of the stator and 
rotor conductors at a rated gas 
pressure of 30 p.s.i.g. The hy- 
drogen coolers are arranged longi- 
tudinally in the upper part of the 
stator frame and circulation of 
the hydrogen through the machine 
and coolers is by means of an 
axial flow blower driven from the 
exciter gear box. Generation is at 
16,000 volts. 

The exciters comprise a main 
and pilot unit arranged back to 
back on the same shaft and driven 
through gearing from the tail end 
of the alternator. They are totally 
enclosed and ventilated on the 
closed circuit principle, the air 
being circulated through the ma- 
chines and coolers by means of a 
direct coupled fan. 
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Shri Bhim Sen Sachar, Governor of Andhra Pradesh, inaugurating the 6th Irrigation and Power Seminar at 
ohammed 


Hyderabad in July. The Union Minister of Irrigation and Power, Hafiz Moh 


Ibrahim, presided 


over the Seminar. Shri Jaisukhlal Hathi, Deputy Minister of Irrigation and Power, and Shri C. M. 
Trivedi, Member, Planning Commission, are also seen in the picture. 


Ideas from Israel 


The most primitive country 
must have water. But a modern 
State also needs power. After mak- 
ing the desert green, the next 
step is to dot it with factories. 


Israel has no coal. Some oil 
has been found, and more is being 
sought : there are hopes of finding 
enough to meet, eventually, most 
domestic needs — but at present 
scarce foreign currency is being 
spent on importing foreign fuel. 


Meanwhile, the sun distributes, 
free, millions of kilowatts of power 
over the country’s shimmering 
hills. Can this solar energy he 
used ? 


It can—but unless solar-power- 
ed apparatus is very efficient, it 
is uneconomic. In this field, Israeli 
scientists have made something 
of a break-through. At the Be- 
ersheba Arid Zone Research Insti- 
tute, there is a nondescript shed 
where flat sheets of galvanised 
metal are coated with a bubble - 
thin film of a greeny-black nickle 
compound. 


Surface cuts Heat Waste 
These are the now renowned 
“selective surfaces’ developed by 
Dr. Henry Tabor and his associates. 


These sheets of metal absorb solar 
energy but don’t let it out. 


This is a more remarkable 
achievement than it may sound. 
Any blackened sheet of metal is a 
good absorber of sunlight— but 
normally it wastefully reradiates 
much of the energy as heat. Ta- 
bor’s selective . surface allows 
absorption of sunlight, but cuts 
the radiation losses by a factor 
of eight or ten. 


This makes steam-raising by 
solar energy begin to seem an 
attractive proposition. Work is 
now starting on a pilot plant at 
Beersheba which will produce one 
to two tons of steam a day with a 
temperature of 150 to 200 deg. C., 
and pressure of 200 Ib. per square 
inch. 


Large aluminium mirrors will 
reflect sunlight on to a long, flat 
plate collector which will face 
downwards in order to reduce heat 
losses by convection. The steam 
will be used for chemical processes 
at a local factory, and should be 
competitive with steam produced 
by conventional plant. 


The next step will be to build a 
small solar “power package” to 


generate electricity in desert areas. 
The problem is to build a small 
turbine which will be efficient at 
the relatively low temperatures 
and pressures which can be raised 
directly by solar energy. 


Here agan Tabor’s team have 
done some original thinking, and 
have designed a small, simple 
turbine driven not by steam but by 
vapour from a heavy organic 
liquid heated by solar energy. 
They are not saying what the 
liquid is yet, because patents are 
being field—but the effect is to 
transform the efficiencies of small 
turbines. 


A 1-10 h.p. solar-powered “‘pack- 
age’’, which could produce electri- 
city more cheaply than a diesel 
generator, now looks feasible. In 
addition, the small turbine may 
turn out to have many other uses. 


This does not exhaust the possi- 
bilities of solar energy. A further 
scheme is to build « solar-powered 
air-conditioner, working on the 
same principle as an absorption 
type refrigerator. Especially in 
the south, where hot. winds can 
blow day and night, air condition- 
ing is essential no‘ only for homes 
but also for factories, if people 
are to lead active and productive 
lives. 
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Members of the Delegation of Thailand Irrigation Engineers, now touring India, with Hafiz Mohammed Ibrahim, 
Minister of Irrigation and Power. The leader of the Delegation, Mr. Chalaw Rutanasen, in seen at extreme right. 


Solar air-conditioning is bound 
to be expensive—but it will pro- 
hably prove just eccnomic. (Water 
heating by solar energy is already 
standard practice in many parts 
of the country.) 


House Built as a Refrigerator 


A quite different approach to 
solar airconditioning is also being 
explored at Beersheba. This is a 
house constructed to act as its 
own absorption refrigerator. The 
east and west walls will be double, 
with thick insulation inside and a 
heat absorbing surface on the out- 
side. The cavities will be filled 
with a cheap water-absorbent 
material. 


When the morning sun heats the 
east wall, air will rise through the 
cavity and out at a vent above. 
New air will enter a similar vent 
on the west side, and will be dri- 
ed as it passes through the cavity 
into the house. 


Dry air is more comfortable 
than wet; but if it is then humidi- 
fied—by evaporating some water 
— its temperature drops rapidly. 
In the afternoon, when the sun 
heats the west wall, the flow 
of air is reversed, but cooling 
continues. 


It is planned to build such a 
solar house at Beersheba this sum- 
mer. One problem will be to make 
it look nice. But if construction 
proves cheap, and the cooling 
effect is all that is hoped, there 


will be a powerful stimulus to 
develop the idea. 


Yet another project is the “solar 
pond’’. If a pool of water is arrang- 
ed with a layer of fresh water 
floating on a layer of salt water, 
a sort of “‘greenhouse”’ effect makes 
the salty water get hotter than 
the fresh. Such a pond might be 60 
deg. C. at the surface and 90 
C. near the bottom. This tempera- 
ture difference can in theory be 
used to extract power from the 
system on the heat-pump principle. 


Wind Power Survey of Country 


Blowing in from the sea across 
the hills of Galilee there is usually 
a respectable wind. In the very 
south, too, a steady breeze is 
funnelled down between the moun- 
tains and brings hot desert air 
to Eilat on the Red Sea. 


Here is another potential source 
of power. At the Technion, Haifa’s 
technical university high on the 
slopes of Mount Carmel, wind re- 
search is in progress. The first 
stage—a wind survey of Israel 
—is now complete. Average wind 
speeds of 12-14 m.p.h. throughout 
the year are needed to provide 
useful wind-power—and four 
promising areas have now been 
found in Israel. 


The best is the Napthali range 
of hills in northern Galilee, running 
parallel to the Hula Valley. 
Prevailing west-east winds (and 
some east-west) reach these hills, 


and as the air stream flows up and 
over them, the wind speed in- 
creases. Thirty feet above the 
ground along the Napthali range, 
the average wind speed is over 
16 m.p.h. 


There are other promising areas 
in high parts of central and nor- 
thern Galilee. Then there is Givat 
Hamoreh, a smooth ‘aerodynamic 
hill,” twenty-five miles south-east 
of Haifa which provides reliable 
lift for glider pilots. Mount Carmel 
itself has possibilities, and lastly 
there is Eilat. 


500,000-kilowatt Potential 


Detailed measurements are now 
being made of the direction and 
speed of the wind in these areas, 
up to 130 ft. above the ground, and 
spindly measuring towers are being 
erected. From the alarming little 
platforms at intervals up the mast, 
dizzy views are to be had, and the 
wind buffets disturbingly all round 
you. 


The next stage will be to erect 
a large experimental wind- powered 
generator. The eventual design 
may incorporate two giant propel- 
lers, each some sixty feet in diame- 
ter, mounted on a 120-ft. tower. 
Such a tower could generate 400 
kilowatts. 


It would be possible to mount 
thirty such units along the Nap- 
thali ridge, twenty in Givat 
Hamoreh, and a large number 
around central Galilee. The total 
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wind-power potential is perhaps 
500,000 kilowatts. 


The main disadvantage of wind- 
power is that output is not steady. 
One plan is to use it to help meet 
peak electricity loads on the grid. 
Nature has been helpful here, 
because the winds are most reliable 
in summer when, in Israel, the 
peak loads are highest—due to the 
demands of irrigation and water- 
pumpin g machinery. 


Wind-generated electricity might 
also be used to power the de-salina- 
tion plants for purifying brakish 
water. These may be able to 
accept a fluctuating power supply. 


One way of greatly improving 
the efficiencies of wind generators 
may be to collect the wind in 
wide funnels and lead it to high- 
speed fans. A new low-speed wind- 
tunnel at the Haifa Technion 
will be used to investigate the pos- 
sibilities. The principal technical 
problem is not leading the wind 
smoothly into the fan but letting 
it smoothly out the other side: it is 
difficult to avoid a build-up of 
pressure which slows the air flow. 

Wind-power is also being har- 
nessed in quite a different way in 
Israel—namely, to level sand 
dunes. 


From the Lebanon to the Egyp- 
tian border, Israel’s coast is fring- 
ed with sand dunes. They cover 
nearly 90,000 acres and the wind 
shifts them steadily inland. A 
further 15 per cent of the northern 
Negev, over 160,000 acres, is 
similarly covered. 


The Wandering Dunes 


The coastal sands are deposit- 
ed on shore by sea and wind. 
There is doubt about where they 
come from, but sand from Egypt 
(carried out into the Mediterra- 
nean by the Nile) is a popular hy- 
pothesis. Neglect and overgrazing 


along the coastal strip allowed the 
dunes to wander inland, but the 
invasion has now been largely 
halted by planting grass and tree 
barriers. 


But halting the dunes is not 
enough. They represent a con- 
siderable acreage of waste land. 
Accordingly, the Ministry of 
Agriculture has been conducting 
some fascinating experiments on 
the coast south of Haifa. 


The prevailing wind comes from 
the sea. First, therefore, a trans- 
verse “‘barrier” of a tough grass, 
Ammophila arenaria was planted. 
Fresh sand tends to cover the 
grasses, but they grow up strongly 
through it. Gradually the level 
rises, and by now an 8 ft. high 
bank, covered with grass tufts, 
has developed at some places. 


To the landward of this bank, 
lines of the same grass and tamarisk 
have been planted parallel to the 
wind, some thirty yards apart. 
The wind flows faster between the 
rows than over them, and a differ- 
ence in air pressure results. The 
effect is that the wind gradually 
levels and sweeps the areas between 
the rows. The sand is deposited 
at the sides, and high banks re- 
tained by grass and tamarisk again 
develop. 


Levelling Job is ‘Done Free’ 


The levelled areas have now 
been planted with other coarse 
grasses—mostly Agropyrum jun- 
ceun—which provide good grazing 
for cattle and need no irrigation. 
The whole area is now largely 
stabilised. 


The idea originated with Dr. D. 
Zuriel, a scientist at one of the 
Ministry’s research stations. Its 
great attraction is that the wind 
does free what would otherwise 
be the impossibly expensive job 
of levelling the sand. 


Leipzig Autumn Fair 


The next. Leipzing Autumn 
Fair, to be held from August 30th 
to September 6th, will be marked 
by the 10th anniversary of the 
GDR and will offer a wide selec- 
tion of consumer goods and techni- 
cal commodities. The industries 


of the GDR will present an interest- 
ing display of many new products 
in all. trade groups. Musical 
instruments, toys, glass and cera- 
mics, and textiles from the GDR 
enjoy an international reputation, 
as well as technical commodities 


such as office machines, motor 
vehicles, photo and optical equip- 
ment and precision instruments. 
The exchange of goods with India 
is regulated by governmental 
agreements since 1954 and these 
agreements include, among other 
things, products of the light 
industries and the list is being 
enlarged. In accordance with the 
foreign trade policy of the GDR, 
which pays particular attention to 
increasing trade with states in 
the Near and Middle East as well 
as overseas countries, this ex- 
change will be increased in the 
coming years. The GDR delivers 
the necessary industrial products 
to these countries which are need- 
ed to raise their economies and 
in return purchase indigenous 
products for an equal amount. 
That isthereason for the continuous 
rise in the participation of these 
countries at the Leipzig Fair. At 
the 1959 Autumn Fair, among 
other countries India will offer its 
typical export products within 
the framework of a collective 
show. Buyers from 70 nations 
including authorized delegations 
from the socialist countries will 
attend the Fair, thus in addition 
to business contracts with the 
GDR, many other possibilities for 
trade and contracts are offered. 


A total of approximately 6,500 
exhibitors from nearly 40 nations 
are expected. 


An Improved Tractor 


A new D7 Tractor has been 
announced by Caterpillar Tractor 
Co. Featuring greater power, de- 
creased maintenance  require- 
ments and higher lugging ability, 
it is designated the D7 Series D 
Tractor. 


The new machine becomes the 
third crawler in the Company’s 
line to be powered by a turbocharg- 
ed engine—joining the Cat D9 
and D8 Tractors. The D7’s engine 
develops 140 flywheel horsepower, 
an increase of more than 9% over 
the 128 rating of its predecessor. 
Drawbar horsepower has been 
increased from 102 to 112. 


Significant to increased produc 
tion is the new D7’s substantially 
increased lugging ability. Contri- 
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The new Caterpiller D7 Series D 
Tractor is the third machine in the 
Company’s line to be powered by a 
turbocharged — The D7’s en- 
gine develops 140 flywheel horse- 
power, an increase of more than 
9%, over the 128 rating of its prede- 
cessor. Drawbar horsepower has 
been increased from 102 to 112. 


buting to this is the higher 
torque rise of the engine. The tractor 
offers 19.6 per cent increase in 
drawbar pull as the engine lugs 


[Continued from page 2) 


— 


down under load, which is 80% 
greater lugging ability than the 
previous model—the highest in 
the D7 class. An example of this 
characteristic may be drawn by 
comparing its rated and maximum 
drawbar-pounds pull. In first gear, 
the tractor is rated at 27,100 Ibs. 
drawbar pull. However, under load 
the drawbar pounds pull increases 
to 33,250, a rise of 6,150 lbs. 


The engine’s high power-out- 
put provides more horsepower per 
pound of tractor weight than any 
crawler in its size class. 


More efficient intake-air filtra- 
tion and reduced servicing time are 
also afforded the engine by use 
of Caterpillar’s dry-type air clean- 
er. 


Other new D7 features reducing 
service time are lifetime lubricated 
rollers, carrier rollers, and idlers, 
with the exclusive floating ring 
seal. Built to keep dirt and conta- 
minants out, and lubricant in, 


——— 





the rollers and idlers are lubricated 
during factory assembly, need no 
further lubricant until rebuilding. 


Compared with the previous D7 
rollers, the new ones have 25% 
greater beam strength, 10% 
larger shaft diameter, a 17% 
thicker thrust flange, and 2.8% 
more bearig area. 


Power train components also 
show refinement over the previous 
D7. The transmission _lubrica- 
tion system has full flow filtration, 
with pressure-lubricated bearings. 
To assure maximum lubrication 
transmission gears, they operate 
unde made continued spray of oil. 


The pitch of final-drive gears 
has been made coarser, to provide 
beam strengths 16% greater in 
the idler pinion and 49% greater 
in the final drive gear. 


In-seat starting is available 


as an attachment. 


Hydro-Electric Power Station for Kashmir 





Ganderbal Power House, near Srinagar : 


The hydel channel at left flows into the penstocks at right bottom. After pushing the turbines in the 
power house, the water are led away in a channel to the river at top right. 


According to the schedule, the equipment will be 
dispatched from the Factory in time to reach its 


destination before the winter fall when transport on 


the Pathankot Srinagar road 
difficult. 


Hungarian experts will soon arrive in Kashmir for 


would be slightly 


the erection of these units and help the water turbines 
work within the shortest time. 


The four turbines manufactured by the Hungarian 


Industry will generate 19,000 kW of electric power, 
which will more than meet the present needs of the 


State and ensure future prosperity & happiness for 
generations to come. 


























Mishap at Bhakra 


On August 21 the hoist chamber of the right diver- 
sion tunnel at the Bhakra Dam through which the 
river Sutlej was flowing was flooded, as a result of 
which a joint of a wall gave way. In consequence the 
approach tunnel, the inspection galleries, the cable 
galleries and the power house under construction were 
all flooded. Three generators—the largest in Asia—that 
were under different stages of erection would be severe- 
ly damaged. A very large amount of instruments are 
also under water. Eleven lives have been lost. The 
following photographs together with the sketch of the 
Dam site are published for information. 


This 179-crore project has been a mighty endeavour 
of the Indian nation and symbolised the spirit of 
new India. As such this accident, the third in recent 
years and the most substantial, has given a severe 
shock to the people of the country. The first accident 
took place last summer when a portion of the training 
wall running at the centre of the Dam was washed 
away soon after the Sutlej water began cascading 
through the two temporary spillways. Later in 
October a weak rock on the right abutment fell into 
the Gobindsagar Lake very near the base of the Dam, 
causing a setback not only in drilling and “grouting” 
but also in the concreting operations. 


The Minister for Irrigation and Power, Government 
of India, has categorically declared that the main 


Dam is safe. He has also announced in the Lok Sabha 
the appointment of a Committee of Experts to inquire 
into the accident. This includes Dr. A.N. Khosla, 
Mr, Kanwar Sain, Mr. M. 8S. Thirumale Iyengar, 
Mr. A. C. Mitra and Dr. K. L. Rao, All these are out- 
standing engineers. 


Meanwhile the Bhakra Control Board has met and 
has gone into the question, in the presence of Mr. Har- 
vey Slocum. It has approved an integrated scheme 
suggested by the Board of Consultants to meet the 
emergency. 


The Scheme includes checking the entry at the 
upstream portal of the right diversion tunnel with con- 
crete bags, crates and rock-fill; construction of two. 
tunnels, one by-passing the flooded hoist chamber and 
the other to give access to carry on construction work 
on the by-pass tunnel; boring of a hoist shaft opening 
to provide a bulkhead arrangement in the by-pass 
tunnel; and plugging of the damaged hoist chamber, 


The main idea was to reduce and divert the flow 
of water. According to the experts, this would be the 
first time anywhere in the world that such checking 
operations would be tried. If they succeeded the 
hoist chamber should be free of water by the middle 
of December. ; 


4 


A close-up of the partially completed Bhakra dam from the right downstream side. On the left can be seen two 
inspection galleries from which water is oozing into the river. 
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Picture shows water gushing out of the visitors’ gallery 
upstream of the power plant being diverted with the 
help of sand bags to clear space for 
“Operation Repair.” 

The by-pass tunnel was the other alternative to 
divert the flow of water in case the choking operations 
proved unsuccessful. The target date for its completion 
was May next year. But the effort would be to expedite 
the work as much as possible. 

The experts further pointed out that the Committee 
of Inquiry could not start its investigations into the 
causes of the accident until the hoist chamber could be 
emptied of water. 


Statement in Parliament 

In his statement in Parliament the Minister read 
out the resolution of the Bhakra Control Board and 
stated that the work would now proceed in accordance 
with the recommendations of the Board of Consultants. 
He also placed a copy of their report before the House. 

Apart from the integrated scheme, other recom- 
mendations of the consultants to expedite completion 
of the work were also approved by the Control Board. 

The consultants had recommended that a bulk 
amount of Rs 45 lakhs of foreign exchange should be 
placed at the disposal of the Dam Administration to 
procure the necessary equipment required for this 
emergency and for repairing the damage to the power 
house equipment. 

Other suggestions included modification in the 








A hole being bored into the roof of the cable gallery 
near the entrance to the visitors’ gallery. 


normal procedure for procuring equipment and 
materials; overriding priorities forcontrolled materials; 
sanction of additional staff; and bonus upto 50% of 
wages to workmen employed on the job connected 
with the emergency. 


It had further recommended that the general 
manager should be authorized to regulate releases 
from the reservoir to suit the exigencies of the cons- 
truction programme; to make financial commitments 
with the Army, Navy and other agencies, as necessary; 
and to exercise such additional powers as may be 
necessary to meet the emergency. 


The text of the Control Board’s resolution says, in 
part, “The Board has considered the reports of the 
Board of Consultants and the General Manager, on 
the accident to the hoist chamber and has _ heard 
Mr Slocum. It is pleased to note the complete accord 
and the sense of partnership which exist between 
Mr Slocum, the Board of Consultants and the Bhakra 
Dam Administration. It is in entire agreement with 
them that the most pressing need of the hour is energe- 
tic action to repair the damage to the hoist chamber 
and the undertaking of measures to restore normal 
conditions of work at Bhakra Dam in the quickest 
possible time. 


“The Board has full confidence in the ability of the 
Board of Consultants and the Bhakra Dam Adminis- 
tration, of which Mr Slocum is a full partner, to 
tackle the job successfully and in a manner which will 
be both expeditious and economical.” 


Our Contributors 


Mr. D. C. Datta, M. Sc., 
is the Statistical Officer, 
Damodar Valley Corpora- 
tion. Before joining this 
post in 1958, he was em- 
ployed as Technical Officer 
in the Indian Statistical 
Institute. He was formerly a 
member of the West Bengal 
Statistical Service. He has 
published some papers of 
_ interest to planners. 
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Czechoslovakia. 
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DUMPERS 
IN 


THE AVELING-BARFORD RANGE 


THE “75” — | TON PAYLOAD 
SMALL ° 
THE “150” | — 2 TONS PAYLOAD 
THE “SF” — 3 CUBIC YARDS 
MEDIUM e 
THE “SA” = — 4} CUBIC YARDS 
THE “SR” — 6 CUBIC YARDS 
LARGER e 
THE “SL 270” —- 9 CUBIC YARDS 
LARGEST a THE “SN” = — 20 CUBIC YARDS 
MANUFACTURERS AGENTS 
AVELING-BARFORD LTD., JESSOP & CO. LTD., 
GRANTHAM, ENGLAND. 63, NETAJI SUBHAS ROAD, CALCUTTA-! 



















The humeogeneous Concrete is drymixed with minimum water. The 
pipes are reinforced by an electrically welded steel cage. The 
Combined spinning, bumping and Screeding process used in the By 


‘manufacture of Humeogeneous pipes, gives them better con- 


‘sistency, more strength and longer life. Available in all 


sizes from 3°’ to 72” diameters. 
Manufactured & Supplied by :—- 


THE 


H.O. ‘ F 
CONSTRUCTION HOUSE, BALLARD ESTATE, - 


BOMBAY |}. \ 


Calcutta Branch ;: 190/1, Rash Behari Avenue, Calcutta-29. 




















Editorial 


The Bhakra Tragedy 


The news of the serious accident to the hoist chamber of the Bhakra 
Dam situated in theright abutment hill above the diversion channel has 
cast a gloom over the entire country. Such a reaction was natural as 
the people of India had taken to this mighty project as a symbol of the 
spirit of adventure and ambition of new India liberated from centuries- 
old slavery. But, as the Minister for Irrigation and Power has more 
than once assured, this mishap has not affected the Dam proper. It is, 
therefore, necessary that in our gloom we should not magnify the disas- 
ter. / 


Only recently we have begun building large dams. Our experience in 
this field, therefore, is not much. While we must learn from the experi- 
ence of others gained earlier and must take all the precautions that are 
. necessary for beginners to take, we must be mentally prepared for 
occasional setbacks. In our first reaction we should not get unneces- 
sarily excited and begin undermining the morale of our own engineers 
who have done splendid work so far. 


The damage and loss to the Project cannot be assessed correctly now; 
not till the water has been taken out of the Power House and the 
Hoist Chamber dewatered by diverting the waters through a by-pass 
tunnel. All this will take time. But there is no doubt that the damage 
is heavy; it is likely to be a bit more than 1} crores of rupees estimated 
by the Union Minister. 


Apart from this, the indirect losses may have also to be incurred such 
as the diminution in the volume of irrigation waters that may become 
necessary due to lowering the level of the Gobindsagar reservoir for 
blocking the intake end of the right diversion tunnel. If the Nangal 
Fertiliser Factory gets ready as scheduled, there would also be shortage 
of power, as the main Dam Power House will now be delayed in its 
completion. 


It would not be proper or fair at this stage for us to attempt to analyse 
the causes of the mishap or toapportion blame. The Enquiry Committee 
is seized with this task and it is composed of eminent engineers whose 
integrity is beyond question in matters of engineering. 


It is, however, important to note that the dam-site is located in the 
Nahan series of sandstone alternating with claystone strata. The geolo- 
gical conditions for such a high dam cannot thus be said to be most 
favourable. However, with the modern engineering techniques evolved 
in the matter of treatment of such regions, the site has been made suit- 
able. The diversion tunnels also similarly pass through strata ranging from 
jointed sendstone to indurated clay. This entire area on which the hoist 
chamber is situated and through which the tunnel passes has been 
grouted and strengthened. It is possible that in carrying out this ex- 
tensive processin the entire interior of the hill, some gap may have been, 
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by mistake, left outand this weak spot may have been the source of the 
trouble, in view of the tremendous pressure that the volume and head 
of the water in the reservoir exerts. 


But, as pointed out earlier, it would be too hazardous to be sure of 
such an explenation of the disaster so long as the actual site has not 
been dewatered and carefully inspected. Meanwhile all encouragement 
to the engineers and the administration to execute the “integrated 
Scheme”’, 


In a way we are lucky in having this accident now than later, if it 
had to come. For today we have the full complement of Project 
engineers and construction equipments at site and the necessary task 
of repair and reconstruction can be promptly and adequately attended 
to. Had it come later, alas, the situation would have been much more 
poignant. 





ENFIELD CABLES 


Paper Insulated Cables + Rubber 
Insulated Cables and Flexibles. 
Signalling and Telephone Cables. 
Mining Cables - High Conductivity 
Electrolytic Soft Copper Wires and 
Strips - Overhead Line Equipment. 
Joint Boxes and Jointing Material, 
Feeder Pillars - Grid Suspension 
Wiring System and Special Cables to 
Government Specifications. 
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Agents in India : 


PHILIPS) PHILIPS INDIA LIMITED 
Calcutta . Bombay . Delhi . Madras 
Patna . Kanpur . Lucknow . Bangalore P9OR) 
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Dumpers 


backed by 


VOLTAS SERVICE 


MACKS — the FIRST CHOICE all over the world for 
stripping, mining and quarry service — are speeding up 
progress on numerous projects in India by working 
round the clock. A NEW and significant addition to the 
wide range of rugged and sturdy MACK End and Bottom 
Dumpers is the Model LySw End Dumper with an 
80,000-Ib. payload capacity! This JOB-PROVEN unit is 
designed and built to haul the toughest load at the 
lowest cost under the most adverse conditions. 


MACKS in India are backed by Voltas’ nation-wide 
Service and Spare Parts Organisation. 


Bombay - Calcutta - Madras - New Delhi - Bangalore 
Lucknow - Ahmedabad - Secunderabad - Nagpur - Patna 
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